JOURNAL OF 


METALS 


OCTOBER 1958 


“4 


ON THE “PLUS” SIDE 


Nickel 

Monel 

Inconel 
Molybdenum 
Cobalt 
Nickel-Chrome Alloys 
Stainless Steels 
Jet Alloys 
Titanium 
Zirconium 
Tantalum 


“FRANKEL 


COMPANY. INC 


Not a single piece of Serap making up your 
shipment of secondary alloys from Frankel contains 
less than the amount @fialloying agents 

you specify. This means that the average 

content of the alloying agents is ta the maximum 
side of your specification. 

That's your standard Frankel bonus. 

You pay nothing for it. 

No wonder more and more buyers of secondary 
special alloys are turning to Frankel. 
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MOLY BOENUM 
Cutmrcas 


| 


MCA offers 


Molybdenum in all its forms 


Grant Building 
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Molybdenum is widely accepted in the 
iron and steel industry, because it imparts 
improvements in physical properties at 
costs that may be economically justified. 
Such properties are effective both in econ- 
omy of production and user benefits. In 
high speed steels, automotive steels, in 
aircraft and missile steels, molybdenum 
by MCA performs to meet designer’s 
requirements. 

This expanding use of molybdenum 
has resulted in demand for various 
forms—chemicals, metal powder, metallic 


CORPORATION OF AMERICA 


Fices Pittsburgh, Chicago, los Angeles, New York, Son Francisco 
ves Brumley-Donaldson Co., Los Angeles, San Francisco 


Soles Representot 
Subsdiory Cleveland. Tungsten, inc., Cleveland 


Piants. Washington, Pa., York, Pa 


molybdenum and molybdenum oxide. 
MCA offers molybdenum in all com- 
mercial forms for easy and practical ap- 
plication in the mill. In addition, MCA’s 
technical knowledge is unsurpassed and is 
available to the iron and steel maker upon 
request, free of charge. 

When you have a metallurgy problem 
that molybdenum might solve, think first 
of MCA. When you need molybdenum 
in any form or quantity, MCA has it 
available for your use in iron and steel 


improvement. 


Pittsburgh 19, Pa. 
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PERSONNEL 


t HE following employment items are made 
available to AIME members on a non- 
profit basis by the Engineering Societies Per- 
sonnel Service, Inc. (Agency) operating in 
cooperation with the Four Founder Societies 
Local offices of the Personnel Service are at 
8 W. 40th St., New York 18> 100 Farnsworth 
Ave., Detroit; 57 Post St., San Francisco; 84 
E. Randolph St., Chicago 7. Applicants should 
address all mail to the proper key numbers in 
core of the New York office and include 8c 
im stamps ‘no stamped envelopes! for for- 
warding and returning application. The appli 
cant agrees, if placed in a position by means 
of the Service, to pay the placement fee listed 
by the Service. AIME members may secure a 
weekly bulletin of positions available for 
$3.50 a quarter, $12 a year 


—MEN AVAILABLE— 
Consulting Firm Staff or Plant 
Supervisory Position desired, B.S 
Met. E., age 55. Twenty-eight vears 
broad experience in extractive metal 


rgy of lead, copper and 


ana seven 


lead 


—POSITIONS OPEN— 
Metallurgist, fo 
juties in nonferrous foundry. Salary 


New Hamp- 


precision 


$6000 vear Location, 


W6477 


snire 


Metallurgist, prefer 


I ting ana st 


al Lox a- 


York W6198 


Metallurgical Engineer or Metal- 
lurgist, graduate wit! pre luction 
process Salary, $6000-$8000 vear 
Locat vVicini Newark, New Jer- 


ey. W6041 


Metallurgist, 


lus experience in practical metal- 
and fab ion of and 


f fuel 


otne! 


powe 


Location, Can- 


Metallurgist in ferrous wire proc- 


Must have 
least five vears experience in wire 
drawing and finishing low car- 
bon wire and be able to set up 
quality controls, standards and pro- 
duction controls. Broad opportunity 
for advancement. Salary open. Loca- 
tion, southern Illinois. C6943 


ng, graduate Met. E 


GRADUATE ENGINEERS FOR 
URANIUM MILLING OPERATIONS 


chemic 


Union Carbide Nuclear Company 
Division of Union Carbide Corporation 
0. Box 1049 
Grand Junction, Colorado 


Patent Liaison Engineer, with 
degree in chemistry, metallurgy or 
pnysics, with some experience 1n 1n- 
vention reporting, disclosure prepa- 
general patent laison 
be capable of operating 
without supervision and be able to 
deal with all levels of 
and adminis- 
be in charge 
patent liaison casting, roll- 
fabrication of nonferrous 
metals. Salary, $10,000-$14,000 year 
Location, New York Metropolitan 
area. W6463 


Department Head for 
ing; Ph.D. required 


work 


nginee! 


metaliurgicail 


ring 


W6455 


Sales Engineer, engin 
round, t 
good conté Ss inl 
open. Headquarte 


W6425 


Powder Metallurgist, graduate, ex- 
perienced in making nonferrous 
parts, Le., processing and production 
Salary, $7500-$10,000 Salary, $6300- 
$8520 vear. Location New 


Ye k, W5534 


upstate 


USE the SERVICES of 
THE ENGINEERING 
SOCIETIES LIBRARY 


29 West 39 Street, 
New York 18, N. Y 


Mr. Ralph H. Phelps, Director 


METALLURGISTS 


PHYSICAL—B.S. in metallurgy or BMetE 
minimum requirement, M.S. in metallurgy 
preferred. A challenging, responsible posi- 
tion in applied research on melting, cost- 
ing, alloying, and purification of beryl- 
lium. Research experience is necessary and 
preference will be given to backgrounds 
involving light or reactive metals 


RESEARCH—BS. in metallurgy or BMetE 
minimum requirement, M.S. in metallurgy 
preferred. Recent graducte or 2 to 3 years 
research or development experience accept- 
able. Position involves fabrication research 
on joining, rolling, extrusion, casting, and 
forging of beryllium for aircraft structures 
and nuclear applications 


SALES—As a technical contact man for 
Sales, having hod non-ferrous experience 
and some knowledge of metal powders and 
parts made from metal and ceramic 
powders 


Send complete resume to— 
Personnel Director 


The Beryllium Corporation 
P.O. Box 1462 
Reading, Pennsylvania 


WANTED 


Shop Super 


PHYSICAL METALLURGISTS 


Here is your opportunity to grow with a 
young, expanding subsidiary of the Ford 
Motor Company. Outstanding career oppor- 
tunity is open in Aeronutronic’s new RE 
SEARCH CENTER, overlooking the Pacific 
ct Newport Beach, Californio. You will 
have all the advantages of a stimulating 
mental environment, working with advanced 
equipment in a new facility, located where 
you can enjoy California living at its 
finest 


PHYSICAL METALLURGISTS, for research 
and development in high temperature mo- 
terials. Advanced degree and minimum of 
3 yeors experience, including X-ray dif- 
fraction, metallographic inspection and ex- 
perimentation with ultra-high temperoture 
physical properties. Familiarity with pow- 
der metallurgical techniques preferred 


Qualified applicants are invited to send 
resumes and inquiries to Mr. L. R. Stapel 


AERONUTRONIC SYSTEMS, INC. 


a subsidiary of Ford Motor Company 
1234 Air Way, Bidg. 18, Glendale, California 
CHapmen 5-665! 
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Outstanding young sal 
metaliurgica mecnanica inaus 
trial engineers ond chemist with “4 
0-6 year experience ore invited 
4 i 4 4 
C rad 
Libero rporate benefits in at 
uding Pen n pital and Life 
nsurance ocot ond ther 
Prompt and confidential considera os 
tion w bye ven ants fur 
nishing resume of work experience ; 
and f 9 
costs allowed successful applicant ae. 
Apply 
teen years superintendent 
years department metallurgist Hl 
melting tht vears 1 h ls Assistant Open-Hearth 
smeitin eignt ears research labor- © 
a ry and milling, nonferrous. Loca- der. Junior Melter or higher having 7 fre 
jam ~ vears experience r re. Must have 
perating experience, ability to handle 
cisco er and ust be Mexicar Salary he 
pen. Reply to La Consolidada, S.A., nl 
P.O. Box 120, Eagle Pass, Texas Ps. 
— a 
head 
el foundry ex- obtained Doctors degree in metal 
perience. Salary, $7500 ye surgical South open 
tion, Long Island, New ii Location South i 
| 
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Pennsylvania. 
i 
stainless teeis. Anowledge 
element fabrication and/or 
metallurgical and fabrication appli- 
cations peculial to atom 
generation desirable. 


Lightness There are a few products in this 
world that you don’t want to be light—like pile 
drivers, dumbbells and paper weights. But generally 
speaking, every designer strives for the lightest prod- 
uct that will do the job, especially in things like truck 
trailers and off-highway earthmoving equipment (the 
lighter the unit, the greater the load capacity) and 
in structures like a bridge, which has to support 
itself and a roadbed. 

Lightness is easy to attain. For instance, you could 
make a ski pole out of balsa wood, rather than the 
Stainless shown above, and never know you were 
holding it. But almost always as we strive for light- 
ness, we also demand a certain amount of stiffness, 
ductility, strength. More than that, we need a mate- 
rial that can be fabricated on high-speed machinery. 

So it’s interesting to note that today, in cases 
where lightness is absolutely vital and hang the cost, 
designers still turn to steel rather than costlier mate- 


rials when they need low weight and high performance. 


When our Explorer I| satellite screamed into outer 


United States Stee! Corporation « American Steel & Wire « Columbia-Geneva Steel e National Tube U it d St t St | 
Tennessee Coal & Iron « United States Stee! Supply « United States Stee! Export Company ni e a es ee 


space, it was cased in Stainless Steel. On every high- 


performance aircraft, the landing gear is made from 


ultra-strong steel because each single pound shaved 
from the landing gear assemly saves from 7 to 10 
pounds of total aircraft weight, since it reduces the 
wing area, thrust and fuel required for the specified 
performance. Today, as we prepare for the first 
exospheric manned flight, we are completely sheath- 
ing the fuselage in steel, because no other available 
material has a better combination of lightness and 
high temperature strength. : 

In new, light-weight bridges, designers automati- 
cally think in terms of the new alloy and high 
strength steels. They're so strong that thinner, lighter 
sections can be used, and they have the extra at- 
mospheric corrosion resistance necessary. 

The new steels should be chosen and fabricated 
with care, and the final selection should be made by 
a skilled metallurgist—either on your staff or ours 
United States Steel, 525 William Penn Place, Pitts 
‘burgh 30, Pennsylvania. 
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Lower Left — Problem: Desigt ile 
; gn a trailer to haul more coal and stay mum yield strength of 100,000 psi with weldability and siecle “ee 
within the legal highway weight limit. Solution: Marion Metal Prod 
ior eta rod- toughness. Payoff: New trailer weighs 11,000 pounds less thar on i 
ucts Com} y used USS Cor-Ten High-Strength Low-A 
ee ‘ hat is lighter because the stronger steel weight x 
) can be used in thinner sections. Payoff: The new units weigh 23 ‘ 
eas than the old, have a 50 "Tre 
greater payload, and gross weight is 
Lower Right— Problem: Replace 550-bbl. fermentation tanks with 
“ he legal limut tion t 
. new tanks of same capacity but light enough to hang from the ceiling 2 <i 
Solution: Chicago Steel Tank chose Type 304 Stainless St . ean 
Lower Middle— Problem: Build a 40-ton-capacity bot i a ~ tex a ae 
t ton-capacity bottom dump unique new design utilizing Stainless Steel a strength and for ' - Pi 
trailer that w have the highest paylo — 
' ‘ ghest payload-to-weight ratio ever Payoff: New tanks weigh only one-fourth as much as the ; ae 
obtained, Solutior A the on the « ind 
\ y Vr Corporation designed the unit have identical capacity 
with US r-1" Constructional Alloy Steel which combines a mini USS. Cor-TEen and “T-1 
S: and I” are registered trade ks tee 
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with Stokes Vacuum 


Heat-treating processes have taken forward 
steps and gained new momentum through the 
advances of vacuum furnace technology. These 
are but a few examples of industries who now 
rely on Stokes systems to meet their specific 
production requirements. 


Stokes’ extensive design experience and manu- 
facturing facilities combine to make possible 
these new vacuum heat-treating opportunities. 
You have a choice of a complete range of types 
and sizes of furnaces. The systems are offered 


At The Budd Company's Defense Division, metal 
components are designed and produced for important 
and classified nuclear reactor work. Because of the 
characteristics of the metals used, new procedures were 
necessary for welding, heat treating and pickling. The 
Stokes Vacuum Furnace has assumed an important role 
in these vital processes. 
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complete — placing in Stokes a_ single-source 
responsibility for performance and reliability. 


Stokes offers additional advantages that can con- 
tribute to your successful metallurgical programs. 
Stokes can, for example, deliver a complete turn- 
key installation —erected, tested and delivered 
“in operation’’. Systems also benefit from the use 
of stock components —facilitating faster delivery. 
Stokes systems are furnished to do the best pos- 
sible job at lowest cost to you. 


Standard Stokes Vacuum Heat-Treating Fur- 
naces are available for experimental and as full 


At Associated Spring Corp., Bristol, Connecticut, pre- 
cision springs finer than a human hair are vacuum heat 
treated to rigid specifications. Of critical alloys, they 
require high temperatures. If treated in atmosphere, 
surface oxidation would be intolerable. A Stokes Vacuum 
Furnace enables production of springs for even the most 
delicate instruments. 
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wit! 
You 
vac 
Adv 
desi 
serv 
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Progress... 


Furnaces 


production size systems. Other types are available 
for melting, refining, casting, sintering, brazing and 
stream degassing. Special systems can be designed to 
meet the exact needs of specific operations. All-the- 
way service, before and after the sale, completes the 
picture of how well Stokes is equipped to work 
with you. 


You can take full advantage of Stokes’ advanced 
vacuum technology. The Stokes Engineering 
Advisory Service will assist you in planning and 
designing a heat treating installation that will best 
serve your exact requirements. Call Stokes —today. 


Vacuum Equipment Division 
F. J. STOKES CORPORATION 
5500 Tabor Road, Philadelphia 20, Pa. 


A resistance-heated, two-zone, high 
temperature Vacuum Heat-Treat Furnace 

installed for operation over 2500°F 
Available in sizes to 9" I.D., for brazing 
out-gassing and heat-treating in 
both research investigations and small 
parts production. 


A cold wall furnace capable of providing high tempera- 
tures at unusually low pressures is one of the most recent 
developments of Stokes. It is particularly applicable to 
high temperature solid state processing. Depending on the 
nature of the application, temperatures up to 2000°C are 
attainable at sub-micron pressure. Customer built for 
specific requirements, these furnaces are offered in a wide 
range of sizes, for research or production service. 


In addition, Stokes offers complete laboratory facilities and technical 


assistance for investigation of commercial heat treating applications 
where highest temperatures are necessary. 


‘STOKES 
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35,000,000 


How the telephone switching 
system sorts numbers in seconds 


When you dial out of town, the telephone switching sys- 
tem performs an amazing feat. It sorts out the one other 


number in 35 million you want, and connects you to it in 


seconds. The other telephone may be thousands of miles away. 


3ell Laboratories engineers endowed this great switching 
network with almost superhuman capabilities. As you dial, the 
machine listens, remembers, figures out the best route, makes 
connections, alerts, reports, even corrects itself. If it detects 
trouble on the way, it files a spay then chooses other circuits 
and goes on to complete your call. All you are aware of is the 


end product the completed call. 


Yet at Bell Telephone Laboratories, switching engineers 
see the present system as only a beginning. Ahead they see— 
and are developing—new systems vastly more flexible and 
capable than today’s. Nowhere in telephone technology is the 
challenge greater. Nowhere are dreams coming true faster. 


BELL TELEPHONE LABORATORIES 


CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 


These Bell Telephone System directories 

list some of the 35,000,000 telephones now linked 
by the Direct Distance Dialing system 

feveloped at Bell Laboratories. In seconds, 

this unique machine sorts out and connects 


you with precisely the number you want. 
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the new Le/tz MICRO-METALLOGRAPH 


engineered specifically for modern industry 


Availability of a Le Chatelier type LEITZ MICRO-METALLOGRAPH has been eagerly awaited by 
industrial scientific laboratories. With this new instrument, precise details of metallurgical speci- 
mens may be viewed simultaneously on the 30” projection screen as well as through the binoc- 
ular observation tube. The newly-developed, powerful XENON lamp provides ample illumination 
to permit observation in a normally lighted room. Photomicrography of specimens is quickly 
and easily accomplished with pre-aligned 5” x 7” camera or, if desired, a Polaroid-Land 4” x 5” 
camera back. Engineered specifically to meet the needs of the modern, metal working industry 
the new LEITZ MICRO-METALLOGRAPH “sets a new standard for metallurgical observations.” 


@ Inverted microscope stand with mechanical stage, coarse and fine focusing 
e@ Xenon lamp with 7 filters in push-button, quick-change mounts 

e@ Eye pieces with 30% wider field 

e@ New, “Plano,” flat-field objectives 

e@ Projection and viewing screen in 

@ Special 5”x7” camera with adaptor for attaching 
See this new instrument at the National Metal Exposition, Cleveland (Ohio) Public Auditorium, booth number 
1326, North Exihibit Hall, Oct. 27-31. 


E. LEITZ, INC., Dept. JM-10 


468 Fourth Avenue, New York 16, N.Y. 
= Please send me additional information on the new MICRO- 


METALLOGRAPH, Mode! MM. 


FIRST IN PRECISION OPTICS Name . 


Street 


© ctCeirz. inc 46868 FOURTH AVENUE NEW YORK 16.N Y¥ 


et 
Leite Wwe 


LEICA CAMERAS - LENSES - MICROSCOPES -§ BINOCULARS 
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from ELECTROMET 
Metals 
Research 


COLUMBIUM 


for the 
High Temperature 
Age 


COLUMBIUM METAL is consid- 


ered an excellent base for an alloy 


series which will establish new 
thermal limits. The qualities of 
this extraordinary refractory 
met: medium density, high 
strength under conditions of ex- 
treme heat, resistance to radia- 


tion damage, and low “neutron- 


capture’ cross-section have al- 
ready resulted in its use for some 
nuclear applications and indicate 
potentialities I the electronics 
field. ELECTROMET’S process re- 

n columbium melting stock 


of the highest purity available 
And the technical 
staff at ELECTROMET is ready to 
advise you on any phase of devel- 
pplication. The coupon 


will bring additional data. 


Electromet 


FERRO-ALLOYS AND METALS 


fy n Cart e Corporation 
Pa N.Y 
Please send me the Columbium Metal 


NAME 


POSITION = 


| 
| 
| 
| 
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News of 
EDUCATION 


METAL JOINING COURSE 


Two courses on Metal Joining de- 


signed to be of practical help to high 
school graduates who are now em- 
ployed by industry, will be offered 


at the Industries Training School, 
Stevens Institute of Technology, 
New Jersey, during the 1958-59 


Vie ning I 7} As 
ir Meta Jo g Heat em- 
es, will be given during the spring 
emester, on Tuesday and Thursday 
enings respectively, begining Feb- 
9 1959 
he ¢ on light assemblies will 
part ir emphasis to s lder- 
DI g and weld esistance 
and adhesive bonding 
le g. Heavy Assen es 
\ i ) ntalr mate a I ali 


ining processes, but will give par- 


ilar emphasis to the arc welding 
DI ce ‘ 

The courses are on a colle ge ievel 
but may not be appliea toward a 
college degree. Further information 

ay be tained from the Informa- 


18 N.Y 
DIE CASTING PROGRAM 


A new die casting program was 
established at Pennsylvania State 
University, sponsored by the national 
American Die Casting Institute 
ADCI and its Eastern Regional 
Group. The program includes two 
cholars! Ips, and a cash prize aw ard 


systen 
It is hoped by the ADCI, that the 

program, which is being extended to 

other engineering schools as quickly 

as possible, will attract new engi 

ng talent into the custom 
ting indust 


BOOKS 


U.S. Department of Commerce 
Publications 


Reque t public ittons from 


Office of Technical Publications 
U. S. Dept. of Commerce 
Washington 25, D.C 


DP-214 Erosion of Aluminum, 20¢, 
16 pp., 1957 


HW -43031 Ultrasonically Bond Test- 


ing Hanford Fuel Elements, 35¢, 30 
pp., 1956 


KAPL-1380 Preparation of Spherical 
Uranium Powder by Reduction of 
Uranium Trioxide with Calcium, 40¢, 
29 pp., 1955 


KAPL-1518 Uranium Preparation by 
Electrolytic Reduction of Ovides, 
40¢, 29 pp., 1956 


KAPL-1692 The Behavior of Repre- 
sentative Fission Products and Plu- 
tonium in the KAPL Electrorefining 
Process and a Review of the Status 
of the Process. 30¢, 34 pp., 1957. 


KAPL-1726 Development of Zirc- 
aloy-Clad, Discrete Burnable Poison 
Elements for S3G/S4G, 25¢, 24 pp., 
1957 


KAPL-1726 Corrosion of Aluminum 
in High Temperature Water, II. Ap- 


plication of Infrared Spectra to 


Corrosion Studies. 20¢ 16 pp 1957 


NAA-SR-36 Studies n the Im} reg- 
nation of Graphite with Uranium, 


35¢c, 25 pp., 1950 


NAA-SR-1867 Effect 
the Mechanical Properties of Zirco- 
nium, 30¢, 39 pp., 1957 


NAA-SR-1926 Germinative Grair 
Growth Char 


m. 25¢. 25 pp., 1957 


icteristi of 7ircor 


NMI-1176 Quarterly Progress Report 


for the Period Jan. 1, 1957 through 

Mar. 1957, Nuclear Metals Inc., 25¢ 
26 pp., 1957 


ORNL-1774 Diffusion Characteristics 
of Thorium and Aluminum, 40¢, 41 
pp., 1954 


RMO-2801 Recovery of Uranium 
Val 

Samples Pr gress Report No. 1, 60¢e, 
119 pp., 1954 


ues from Ore and Concentrate 


RMO-2805 Recovery of Uraniun 
Values from Ore and Concentrate 
Samples, Colorado Primary Ores 
Progress Report No. 5, 45¢, 71 pp. 


1955 
SEP-179 Zone Melting of Urar 
20¢. 20 pp.., 1955 


TID-10070 A Review of the Metallic 
Fuel Element Devel pment Pro- 


gram, 25¢, 15 pp., 1953 


TID-10099 Fundamental and Applied 
Research and Development in Met- 
allurgy, Progress Report for April 
1955, 25¢, 9 pp., 1955 


WAPD-127 Development and Prop- 
erties of Uranium-Base Alloys Cor- 
rosion Resistant in High Tempera- 
ture Water, Part I, Alloys Without 
Protective Cladding, 158 pp., 
1955. 


WAPD-167 The Effects of Irradiation 
Cycling on Pressurized Water Re- 
actor Blanket Fuel Elements, 50¢, 37 
pp., 1957. 

WAPD-PWR-PMN-446 (Portions de- 
lated) Resume of Uranium Ovide 
Data, VI, 45¢, 77 pp., 1956 


WAPD-PWR-PMM-429 Resume of 
Uranium Oxide Data—V, 45¢, 72 pp., 
1956. 
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UNION 
CARBIDE 
I Carbide” arereg 
ke of Cart Corporat 


land foundry operators are ¢ 


y ELECTROMET’s new refined 
carbon chromlu handling, 
storage are greatly this one 


high-carbon chromium alloy 

® A base charge for stainless steels. 

@ Final additions for aircraft, bearing, and tool steels. 
@ Cupola or ladle additions for cast iron. 


es the economy of regular charge 


asy handling with an ele« 


harge chrome combin 


tefined ch 
chrome with the maximu n cleanliness and low 1 ia Fi 


element content of conventional high-« 

For facts on how refined charge chrome can reduce your co 
FERRO-ALLOYS AND METALS 

contact your ELECTROMET representative. 

f Union 


ELECTRO METALLURGICAL COMPANY, Division « 
rk 17, N. Y. 


Carbide Corporation, 30 East 42nd Street, New Ye 


ade-marks of Unio 


“TI stock only one high-carbon chrome—r harg 
a! 
Stee! Utting chromium costs 
by eit 
q 1) 4 
ste > 
Convenient 20- and 40- pound pigs of r Bie 
fined charge chrot re magnetic, allow- = 
The terms “Electromet”™ and rbide” are registered tr Carbide Corporation 


60 CYCLE 


INDUCTION MELTING 


OF HIGH LEADED BRONZES 


15 years ago, THE CLEVELAND GRAPHITE BRONZE 
COMPANY, division of CLEVITE CORPORATION, pio- 
neered 60 CYCLE INDUCTION MELTING of bronzes with 
up to 35% lead. Special furnaces developed by AJAX 
for this difficult job are an important element in their 
unique continuous production line for steel-backed 
bronze bearing strip. 60 CYCLE INDUCTION MELTING 
furnaces resulted in substantial improvements and cost 
savings over gas-fired units used earlier for that pur- 
pose. Today, CLEVITE operates six continuous lines in 
this country and abroad with AJAX 60 CYCLE INDUC- 
TION MELTING furnaces, producing enough strip to 
make 130 million bearings and bushings per year. 


The heavy duty 60 cycle inductor developed by AJAX 
and pioneered by CLEVITE will attain a lining life of 
one year with bronzes of substantial lead content. 
Electromagnetic stirring assures uniform alloy and close 
temperature control. Compared to externally fired 
equipment, metal loss savings run into many thousands 
of dollars per year. Recently, several large producers 
of leaded bronze castings converted their foundries en- 
tirely to 60 CYCLE INDUCTION MELTING. 


While this is one of the most difficult metals to handle, 
the advantages of 60 CYCLE INDUCTION MELTING 
stand out today wherever copper alloys are melted. As 
specialists in 60 CYCLE INDUCTION MELTING, we have 
developed furnace types to best fill each application. 


We invite you to discuss your melting problems with us 
at the NATIONAL METAL SHOW, CLEVELAND, Oct. 27-31, BOOTH 1608 
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60 CYCLE 


ENGINEERING CORPORATION 


TRENTON 7, NEW JERSEY 


INDUCTION MELTING 


Ajax Electr 


| 
j 
. 
‘i Associated Companie Ajax Electrothermic Corporatio ic Company 
| 


Your best move is to UNITRON... 


for a COMPLETE LINE of METALLURGICAL MICROSCOPES! 


UNITRON'S Complete Line of Metallurgical 
Microscopes and Accessories covers the needs 
of Research, Industry and Education. 


Quality optics . . . advanced optical and 
mechanical design . . . unique and convenient 
operational features . . . budget prices .. . rip, 
free trial period — these, together with % Mas Mond 
proven performance are the reasons why... 


THE TREND IS TO UNITRON! 


SACHUSErrs 


= 
iW 
= att 
| 
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State 


Checking Regulus | surface-to-surface missile prior to Chance Vought was judged a National Award Win- 


from experimental cart. For the use of ner in the Third Product Development Contest con- 


teel castings in the launching cart, ducted by the Steel Founders’ Society of America. 


How castings of 4330 nickel-alloyed steel help boost 
a missile up, push assembly cost down 


20-Ni-Cr-Mo steel castings re place 72 detail parts, Why Ni-Cr-Mo steel for the castings? 

*. . , The 4330 composition of 1.8 Ni 

eliminate 300 hardware items in new launching cart 65% Cr. .25% Mo heat treated to 

125,000 and 150,000 psi gives these 

Regulus I, made by Chance Vought, The carts, also made by Chance castings the combination of high 

is normally boosted skyward from a Vought, are assembled with 20 cast strength and great toughness needed 

to stand up to the tremendous shock 
of take off. 

What ahou your product? Can it 
use the economy, high strength, and 
shock resistance offered by Ni-Cr- 
Mo steel castings? You can get com- 
plete information by writing: 


The Navy, however, 1330 steel cluster joints welded to 
wanted a more economical launching tubing of the same material. These 
technique that would utilize a car- castings replaced 73 detail parts re- 
catapults . . . that quired in the plate-type fittings of 

the experimental units used to prove 

the idea. They also eliminated 300 

hardware items, such as nuts and 


The answe was the ¢ pe ndahle bolts. Assembly is easier, and far THE INTERNATIONAL NICKEL COMPANY, INC. 
catapult cart yo above. more economical. 67 Wall Street gio, New York 5, N. Y. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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rie r’s powe rf li 
would also simplify handling of the 
missile aboard ship. 


a 
launching 
Ni-Cr-Mo 


Heat Treatable Titanium Alloys 


In recent weeks, announcements have been made of new titanium alloys 
which can easily be worked and later heat treated to high strength 


Mallory-Sharon Metals Corp. has three new alloys. One, containing 2.9 
pet Al and 16 pet V, has a yield strength below 65,000 psi, but simple aging 
treatment increases tensile strength to 200,000 psi. A second alloy contain- 
ing 8 pct Al, 2 pet Cb, and 1 pct Ta, is easily arc welded, yet it retains hign 
tensile strength and good ductility. A third alloy is composed of 3 pct Al an 
2.5 pet Va; it is designed for high strength tubing because of its good weld- 
ing properties and exceptionally high resistance t 

Crucible Steel Co. of America has three alloys capable of withstanding 
temperatures up to 1400°F. Exact compositions have not been disclosed, 
but it is known that they contain vanadium, chromium, and aluminum 


» corrosion 


They are capable of being formed in a soft condition and then easily 


strengthened by thermal aging. One is the first heat-treatable all-g tita 


nium alloy. 
Titanium Metals Corp. of America has developed a radically new fu 
nace in which titanium sheet is heated to 1600 F through a quick, power- 


ful jolt of electricity. The red hot metal is rapidly water quenched. TMCA’s 


leading heat-treatable sheet alloy contains 4 pct Al, 3 pct Mo, and 1 pet Va; 
it has a maximum tensile strength of 190,000 psi. This firm has developed 
methods of heat-treating the widely used 6 pct Al 4 pct Va alloy to increase 


strength by 20 pct. 


High-purity silicon 

At Brevard, N. C., Du Pont has recently inaugurated its new high-purity 
silicon plant. Developed as a result of Du Pont’s research program, com- 
mercial silicon was first produced during World War II for radar equipment 
Peacetime uses are largely as semiconductors for transistors In France, 
the annual report of the Pechiney firm reports the production of 100 kg 
per month of high-purity silicon at its Calypso plant 


Anaconda forms engineering subsidiary 

The Anaconda Co. is broadening its corporate engineering structure 
with the formation of a new subsidiary, Anaconda-Jurden Associates, Inc 
This will, however, not be a new activity for Anaconda, since there has 
been, for some time, an extensive engineering department which offers 
complete service in design and construction of large-size industrial plants 
This includes not only plants erected for Anaconda, but also the taconite 
plant of Erie Mining Co. and a number of installations for Phelps 
Dodge Corp. Present activities include the $110 million copper project 
for Andes Copper Mining Co. in northern Chile, as well as the $40 million 
Anaconda aluminum fabrication plant at Terre Haute, Ind. 


Plutonium reactor fuel 


For the first time a nuclear reactor is producing substantial amounts of 
power from man-made plutonium. According to a recent AEC announce- 
ment, the Arc, Idaho, materials-testing reactor, operating on a plutonium 
fuel core, has been producing power at the 500 kw level and is expected to 
have a future output level of 30,000 kw. Plutonium is superior to uranium 
as a reactor fuel, but it is extremely poisonous and hard to tool. 
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ATOMS FOR PEACE - GENEVA 1958 


The “Presentation Set’ given to official delegates at Geneva 
by the U. S. A. 
JUST PUBLISHED by Addison-Wesley 


PROJECT SHERWOOD—THE U.S. PROGRAM IN CONTROLLED FUSION 
By Amasa S. Bishop, U.S. Atomic Energy Commission 


The first detailed account of “Project Sherwood” the search for means of Narnessing the energy 
of thermonuclear reactions. Written for the thoughtful layman as well as for scientists and 
neers, this book parallels the historic “Smyth Report.” 228 pp, 53 illus, 1958 
U.S. RESE ARCH REACTOR OPERATION AND USE 
Edited by Joel W. Chastair J? Batt e Memoria Institute 

Describes the basic types of research reactors, and the uses for which each is best suited; also dis- 


cusses operating administrative, legal nd cost proble ms 384 pp. 181 aoe 1958—S87.50 
R. ADIATION BIOLOGY AND MEDIC INE: Selected Reviews in the Life Sciences 
Ed 


te by Walter D. Claus, U.S. Aton Energy Commissior 
More than 50 distinguished authors review advances in the uses and effects of nuclear radiation 
oD1IO1IOgZY, Medicine and agriculture Among thetopics covered are radioisot pes in me dicine and 


agri permissible dosages, and mathematical biology. 968 pp, 198 illus, 1958—S11. 50 


ANIUM ORE PROC ESSING 
ted by J Ww Clegg Ind D D F eV Battelle Men il Institute 
‘For the first time in book form, a condensed but essentially complete description of current pra 


the winning of uranium from its ores 450 pp, 118 illus, 1958—$7.50 


uraniu 


THORIUM PRODU CTION TEC HNOL OGY 
By F. L. Cuthbert, National Lead Company of Ohio 

Contains virtually all of the information currently available on thorium prodt 
organization of the book follows the natural production flow from minerals the ground to the fab 


ca 320 pp, 84 illus, 1958—S6. 50 


culture mutations 


tices 1n 


ricated slug 
SOLID FUEL REACTORS 
By J. R. Dietrich and W. H. Zinn, General Nuclear Engineering Corporation 


Reviews the basic concepts, present state of development, and technical and economic outlooks of 
five projected solid fuel nuclear power reactor types; fast-neutron power breeders, heavy-water re- 
actors, gas cocles a reactors, organic moderated and cooled reactors, and a thermal reactor for re 
Cc} g plutonit 864 pp, 385 illus, 1958—$10.75 


PHYSIC AL “METALLURGY OF URANIUM 
By A. N. Hi n, General Electric Company, Vallecitos Atomi 


A comprehensive and unified treatment which places emphasis upon rpretation in terms of 
fundamental properties and mecha sms, and relates the metallurgical balk avior of uraniu! to that 
of other metals 272 pp, 190 illus, 1958—$5.75 
BOIL ING WATER RE ae zone 
By Andrew W. Kramer, Edit Atomics, and formerly Editor, Power Engineering 


ir 


This valuable reference work on the history and technology of boiling water reactors 1 
tailed descriptions of the Experimental Boiling Water Reactor (EBWR), the Vallecitos reactor, and 
the various BORAX experiments 592 pp, 292 illus, 1958—$8.50 
FLUID FUEL REACTORS 
Edited by J. A. Lane and H. G. MacPherson, Oak R age Nationa Laboratory and Frank Maslar 
Brookhaven National Laboratory 

A thorough treatment of three basic types of fluid fuel reactors; aqueous homogeneous reactors, 
fused salt systems, and liquid metal fuel reactors 1008 pp, 338 illus, 1958—$11.50 
THE TRANSURANIUM ELEMENTS 
By Glenn T. Seaborg, University of California 
omplete summary of the chemical and nuclear properties of the known 


icludes de- 


This book provides a ¢ 

ynthetic transuranium elements, as well as the prospects for future elements 
354 pp, 73 illus, 1958—$7.00 

SODIUM GRAPHITE REACTORS 
By Chauncey Starr and R. W. Dickinson. Atomics International 

A unified and coherent presentation of sodium graphite reactor technology. While emphasis has 
been placed on the design and development of the Sodium Reactor Experiment (SRE), the authors 
have wherever possible included information applicable to sodium graphite systems and, in many 
cases, to reactor design in general 304 pp, 99 illus, 1958—S6.50 
THE SHIPPINGPORT PRESSURIZED WATER REACTOR 
Written by personnel of the Naval Reactor Branch, Division of Reactor Development whe Atomic 
Energy Commission; Westinghouse Electric Corp., Bettis Plant; and Duquesne Light Company 

A complete account of the first large-scale central station nuclear power plant to be " built and 
operated in the western hemisphere, written by the scientists and engineers who designed, developed, 
constructed, and tested the plant 600 pp, 163 illus, 1958—S$9.50 

Special price for complete set of 12 volumes—S$84.00 

These prepublication prices good only until December 1, 195: 1, 1958 


ADDISON-WESLEY PUBLISHING COMPANY, | 


VV READING, MASSACHUSETTS,U.S.A. 
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melt buttons, pounds, 


or tons in proved 


vacuum arc furnaces 


W. C. Heraeus of Hanau, Germany, have made and oper- 
ated more than 100 of these vacuum arc furnaces over a 
ten-year span. 

Now you can share the mastery of vacuum melting and 
casting gained through this broad experience. The fur- 
naces are for sale on a royalty-free basis. Included are 
complete information and thorough training in proved 
techniques—all with no strings attached. 


2500 pound ingot of titanium cast in a single mold using ti sponge as the 
consumable electrode 


Unique electrode feed. | 


Heratron Control, m itors 
automatically maintains the 
Maintaining the vacuum. 


world § largest se 


, Valves, and piping 


How to purchase. | her 

with capacities from 20 | 

capacities ranging up to 
CEC has ar 

pumps, and a 

write for Bulletin 


alle 


Consolidated Electrodynamics Ingots of 16° diameter can be processed in this 


Model VA-L 600 sh Heraeus furnace. 


Rochester Division, Rochester 3, N. Y. 


SALES AND SERVICE OFFICES IN PRINCIPAL CITIES 
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Each pumping svstem is assembled from the i 
f CEC vapor ps, Roots pumps, and other 
mechanical pumps. Whether your specificatidns call for a dithusion-ejector 
pump plus a Roots pump or a Roots pump plus another nical pum] i 
CEC can provide the very finest together with the necessary vacuum con- . t i a 
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CROSS SECTION 
STEELKLAD 40-EE 


GREFCO’S 
STEELKLAD 40-EE 


the roof of the “All-Basic” open hearth furnaces 
now breaking production records. 


e This year, improved operating techniques and greater 
use of oxygen in open hearth furnaces have yielded un- 
precedented increases in production. Two years ago, a 
production rate of 25 ingot tons per hour was considered 
satisfactory for large open hearths. Today, many of 
these same furnaces produce 40 tons per hour, and rates 
up to 50 tons per hour are deemed entirely possible. 

These improvements, however, place such increased 
stress on roof refractories that silica brick cannot 
endure. Only “All-Basic” furnaces can withstand these 
Operations satisfactorily. 

“STEELKLAD 40-EE”, the first internally plated 
brick, has made possible the phenomenal growth in the 
number of *‘All-Basic” furnaces. In early 1956, only two 
“All-Basic”’ furnaces existed in North America. By Janu- 
ary of this year, there were 15. At present, over 50 furnaces 
are or will shortly be of “All-Basic” construction. And 
of this total, more than 80° have roofs of “STEEL- 
KLAD 40-EE” refractory brick. 


e GREFCO leads the Refractories Industry in “*All- 
Basic” furnaces, with radically new “*EE™ and ** Tab” 
brick. 

e Simplified basic constructions, using “*Tab” and 
“EE”, drastically cut * All-Basic”’ furnace costs. 

e GREFCO technical and sales service personne! are 
ready to help you build such furnaces, whether of 
sprung, suspended, or combination roof construction. 


For basic brick tailored to your installation, and for the 
know-how and experience to use them properly... 
Get GREFCO! 


GENERAL REFRACTORIES COMPANY 


Philadelphia 2, Pa. 
A COMPLETE REFRACTORIES SERVICE 


(At left) A new roof of “STEELKLAD 40-EE” converts 
this open hearth furnace to “All-Basic” construction, 
and permits vastly increased production, at lower cost. 
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Metals Division of Kelsey-Hayes 
expands in New Hartford ...to produce 
vacuum induction metals for all industry 


Capacity: 1 Million Pounds Per Month 


Our new facilities make it possible for all industry to obtain vacuum induction melted alloys on 
a production tonnage basis—ingot, billet, bar, sheet, strip and wire to specifications. New areas 


of application, perhaps in your field, are opening up every day. For information on the latest 


developments and technical brochure on new and improved alloys, write 
Metals Division, Kelsey-Hayes Company, New Hartford, New York. 


METALS DIVISION or KELSEY-HAYES 


SOME A COVERED BY U.S. PATENT 2809110 BTRADE MARK REGISTERED 
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ANTWERP OLEN 


BELGIUM 


BRUSSELS 


BALEN 


CHARLEROI 
a 


A SALUTE 
TO THE METALLURGISTS OF BELGIUM 


A small country with only 9 million people. hence a relatively small inter- 


rg 


nat market, with tts present-day ferrous and nonferrous mineral deposits 


almost nonexistent, Belgium's long metalworking tradition has, neverthe- 


less, carved a prominent place for, 


Metallurgy in Belgium 


The ferrous metals industry ranks eighth in world production and, to- 


gether with its economic partner, Luxembourg, is the world’s largest steel 


exporter. Belgium is also moving ahead on the technological front, and its 
National Metallurgical Research Center—CNRM—has perfected techniques 
l which is the back- 


for the production of high-quality basic-bessemer stee 


bone of its ferrous production. 
The nonferrous metals industry is probably the most important in Europe 
and, on a world-wide basis ranks first in cobalt, second in zinc, and third in 


Ustory, as 1s its 


copper. Its perfection of methods of radium production is 


} 
more recent production of uranium. Today, in the technological forefront 
are commercial techniques for the production of such metals as germanium 


and high-purity silicon. 
The Belgian metallurgist can look with pride on his 


accomplishments. 
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NONFERROUS METALS IN BELGIUM 


A short summary compiled by 
Edmont Hainne, Secretary General, 


Societe Royale Belge des Ingenieurs et des Industriels 


Fig. 1—The bronze baptismal font at the church of St. Barthélemy Fig. 2—The Dianderie is a work of the copper beaters of the Meuse 
in Liége, Belgian was cast in the 1115 as a work of Regnier de Huy valley of Belgian, dating from 1554. Courtesy, J. Rasquinet, of the 
Courtesy J. Rasquinet of S.A. Usines @ Cuivre et a Zinc de Liége S.A. des Usines @ Cuivre et a Zinc de Liege 
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i Angleur zinc retort plant of the Société de la Vieille Montagne 
a 


From a metalworking tradition dating back to the copper-beaters of the 


15th Century, a country almost totally lacking 


sources has become one ot the world’s leading metal producers 


Figo Belgian metalworking industry, whose 01 
gins date far back in history, has traditiona 


been situated 
was ther 


reached 


Lie Le Shown in 
This remarkable epoch gave way 


he 15th and 16th centurie 


their fine workmanship Is shown 


Zinc’s early development 


Present day metallurg) 
metalworking, had it 
since this was the 
found ir 


extractive 


1e production 


largely calamine, which was 
I beaters o 1e Meuse valley 


of brass for the copper 
In 1806, a concession to the Moresnet deposit was 


Liege by the name of 


granted to a chemi 
Doney, who evolved 
calamine to the me 
he produced zinc 
wire. The operat 
r his death in 1818 several firm 
into the production of 
. With lead and zinc as bypr 


nonterrous mineral re- 


Influence of the Congo 
Zinc, then was the Belgian nonferrous metals in- 
try until the opening of the mineral-rich Congo 
the foundation of the Union Miniére du Haut- 
tanga in 1906 to exploit these resources. Meth- 
these ore largely developed by 
Belgian chemist, Joseph Leemans, and this led 
to the establishment in 1919 of the Societe General 
Metallurgique de Hoboken, a metallurgical complex 
including lead, copper, and tin smelters and a 
precious metals refinery at Hoboken, near Antwerp; 
Fig. 3—an electrolytic copper refinery with cobalt, 
nickel, and radium s at Olen, and an arsenical 

products plant at Reppel 


Present position’ 
The result of this combination of a metalworking 
ition, the early established zinc industry, and 
1e more recently developed copper-cobalt-lead in- 
dustries is the blossoming of Belgium into one of the 
nonferrous metals producers. For 
a whole (excepting alumi- 


num ‘Igium together with the Congo ranks sec- 
ond in the world (excluding the USSR), and, first 
in cobalt, second in zinc, and third in copper 

The Belgian market itself is hardly able to ab- 
sorb a large part of this production, and must, in 
its overall produc- 


ranks in first place 


fact, export some two thirds 
Belgit 


1 exporter of nonferrous metals as a whole, and 
n¢ and third 


tion. So, quite natura 


Fig. 3—View of the lower plant of the Hoboken plant of the Societé Generale Métallurgique de Hoboken in Belgium. 
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at the castin®@of nonferrous metals 
‘ 
MMMM a fine art as early as the 12th century. A a 
fine example of such an early bronze casting is the od 
baptismal font at the church of St. Barthelemy in fe. 
im the vear 1115 at 
to the coppe! a 
be an example 
of in Fic. 2 
as distin- 
ots in Zinc; 
ni y nonferrous ib 
ium. The de- 
posit entury, were 
iction of 
in 1808, re 
heet, and Po 
iccessful., 
the Liege 
ne on an 
duct on 
Belgian zinc deposits, the industry continued to ex- Est 4 
pand. It is based on imported raw materials which in lead and tin the 
are volitalized in retorts made of the exceptionally Edouard 
fine clavs of Liege N m, 299 
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Above The Ougree-Seraing plants of 
S.A. Cockerill-Ougree, near Liege, Bel 
gium’s largest steel plant. Below The 


150-ton electric arc furnace ot the Fab 
rique de Fer de Charleroi is Europe's 
IN BELGIUM 


by Pierre van der Rest 


With its origin in ancient times, the Belgian iron 
and steel industry now ranks eighth in world 
production and, together with Luxembourg, is 


the largest steel exporter 


PIERRE VAN DER REST is President of the Groupement des 
Houts-Fourneaux et Aciéries Belges, Bruxelles 
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ERROUS metallurgy got an early start in lley of the Meu iege and the province 
Roman province of Belgian Gaule whe 


population acquired a great aptitude 


lich was V1 accialImet 


1umerous traces of this 


rnaces, slag heaps, etc. The birth Converter techniques improved 


was favor ] 
wa ivored The raw mat iJ isis of the Bel 


Imost 


al 
Wate! 


rocess was developed Recent capital investments 


the 
During the last 6 vears. Belgia 


Appearance of thomas steelmaking 
Bel 


stim lal proauctl 


Steel 
1,100,000 tons in 


Export orientation 


The greatest part of this expanded steel produc- 
was destined for export, since domestic markets 


rb only small quantities. The geographic 

country favored international com- 

f the port of Antwerp 
direct access to overseas portat 
in that period of free ex- coal 

‘hange, n with neighboring states was able ° 
to develop naturally oe Producing for world markets 

Since that time it has been the evolution of world Importing a large quantity of raw materials and 

narkets which has determined the expansion of fundamentally oriented toward export, it was n 

t lg : 1 industry. Between the two world ural the Belgian iron and ee] 
wars, Maximum production was attained in 1929 welcome the concept of the European Coal 
with 4.1 million metric tons of crude steel. In re- Community from the very beginning. But the crea- 
cent vears, 1956-1957, production reached 6.2 mil- ion of the Community has not diminished overseas 
lion metric tons, which places Belgium in eighth st. where the major markets lie. Today, Bel- 
place among world producers ium, together with Luxembou 

Today, the Belgian steel industry is still centra- n an economic union, 1s 
lized in the southern part of the country, along the steel to the world market 
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ilronmaking, 1. One still dozen rerolling mills 
of this ferrous indust ml 
i i i ii iti u i 
gian steel in- 
dustry has favored the thomas steelmaking process, re, 
ana act i! more nan pe ne COUNLYV s 
particular interes by Belgian metallurgists in the 
ageous geographic position, and its developing man- 
. perfection of the converter technique. Many original pia, 
laved an in rtant rol } 
ijactul es, Nave pDiaved an important role 
processes have been developed, and oxygen blowing 
building the iron and steel industry throughout 
' s now used on n e than 50 pct of the thomas steel! cre 
produced 
T h ° | ° Developments are als aking place in the domain red 
e ni ion r 
cal pionee f electric furnace steel. In Charle: the Fabriquse 
The techniques employed by the Belgian forge ie Fer has recently installed and put into operation ee 
masters were in the forefront of the early progress a 150-ton Lectromelt arc furnace. which is the a 
f the industry. It was in Belgium, at the end of the largest in Europe ty 
14th entury that the indirect met} 
n bv n of the -iron 49 
pread rap plants have 
F pe. was known as the Wallonr Bl 
} 1) } >] undertaken an INLensive investmen program New 
that part f the country which still houses the Bel- 
1 DOlast furnaces were Dull ana old turnaces were 
gian steel industry. Another development, and a P ' an 
nstructeda tne Da I greater aimensions 
Other tant new inst ations were two seml- 
nace ncesto! f the modern blast furnace, and 1A 
continuous wide strip n s with corresponding cold an 

replacing the old sponge furnaces. Still later, in 1824, . 

the first coke blast furnace on the European conti- 520i a = a 

1 17 ‘ Important new projects s li Higure n tne comimg 

nent was blown-in at the Cockerill plant at Seraing 

eal representing an investment of some $50 muil- 

or i veal i hese Wil n¢ ide rolling mills Io! 
structural shapes and heavy plates, as well as the a 
neta)! ition f sinter? plar 

the basis of local ores and coal deposits, which were Raw material basis i 
hen the most important in Europe. The decisive Belgian iron ore mines, formerly important, are ian 
factor In the development of the steel industry was se to tot exhaustion and can not furnish more Bt sik 
he liscoveryv and first application of the thomas than 100.000 tons a ‘ Thus. L aine and Luxem- Ree ie" 
(Dasic-bessemer) process in 1870 which rendered ler ts now constitute the ncipal base 
possible the utilization of the rich deposits of high- cans hut it ecent vears the industry Nas also ie ee 
phosphorus ore i he Lorraine basin of France. Bel- hee ecelvil nereasing an ints f Swedish ore anny a 
Via > TOUNd New raw-Matlerlial Oase at a Der f which were a decisive factor in 
1 ance elatively nort This was fortunate. ince the leve pment f the fe us metals ndustry 1n ner 
Cal ore deposits were r g rapidly depleted. Aided Bel in have nN manv cases. become lifficult to gaa 
if 
} thic ne 197 ‘ ‘ } 11 
by ew ym soared work. Coal mines in the southern pa f the country, i 
: n 1900, to manv of which have been in operation for more than ‘a 
a century. suffer from generally low prodauctivit 
On the other hand, in northern Belgium there Is a Be 
more recentiv opened coal mining whier 
+3 ¢ 4 } 
holds some promise oO! uture expansion 
¢ Independent of these difficulties, Belgian coke pro- Re 
is. 


BELGIUM’S 


METALLURGICAL RESEARCH CENTER 


Hav ng its roots in a researc} 


and a similar unit organized Oy a Charleroi steel 


de Rec} erches Metall irgiques CNRM 


these two centers Today t 
search organizations 


Translated from reports 


by Pierre Coheur and J. Zaeytydt 


NITING two metallurgical research centers in 


Belgium's steelmaking centers of Liege and 
Charleroi, the Centre Nationa] de Recherches Métal- 
lurgiques—CNRM—was founded as a nonprofit 


Organization in 1947. While the two regional re- 


earch centers ceased to exist as entities them- 
selves, each has retained its own laboratory as well 
as a high degree of autonomy in order to preserve 


close links with industry 

Participation in CNRM is open to all ferrous and 
nonterrous metal producers and fabricators in Bel- 
and Luxembourg. Administrative matters for 


controlled by a committee com- 


giun 
each section are 
posed of the heads of participating regional metal- 
lurgical plants, and the overall administration of 
CNRM is directed by a Council of Administration 


PIERRE COHEUR is managing director of the Centre National de 
Recherches Métallurgiques in Liége, and J. A ZAEYTYDT is 
engineer of the Hainaut section in Charleroi, Belgium 
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unit established by the University of Liege 
firm, the Centre National 
was established in 1947 to combine 
is one of Europe's important metallu rgical re- 


regional com- 


composed of delegates from the two 
mittees 

The research effort of each center is guided by a 
technical committee composed of the chiefs of in- 
dustrial metallurgical laboratories. In research work 
which is actually conducted in plants, 
mittees have recourse to specially constituted com- 
uniting specialists academic and 
industrial spheres. These commissions determine not 
only the means to attain the desired research goal. 
but also assume responsibility for the conduct of the 
work. Technical liaison between the Liége and 
Hainaut sections of CNRM is achieved through a 
Coordinating Committee 

CNRM is characterized by 
with universities and metallurgical firms in ordet 


these com- 


missions from 


close collaboration 
to carry out its laboratory program For research 
on new processes and techniques, close relations 
with plants and industrial specialists is essential 


¢ 
4 


Opposite, l'Abboye du Val Benoit, 
heodquorters of CNRM in Liege, 
Belgium. Above, laboratory for ex- 
amining elevated-temperature creep 
properties. 


t a maximum economy in 
personnel, space, time, and money. Thus, in spite 
of its limited personnel and budget, CNRM has been 


able to carry 


Such close contacts perm 


forward important research projects 


in a minimum length of time 


Liege section 

The origin and operations of the Liege 
of CNRM are closely connected with the University 
which has one of the most important 
This is tt 


well as the 


section 


of Liege, 


metallurgical colleges in Europe cente! 
steel-producing 
center of the zinc and metalworking 
The section is only a short distance from the 
plants, which it also services 
Liege section of CNRM is housed in the 
Abbave du Val-Benoit, which 
structed in the year 1223, but almost 
during World War II. Since that time 
the buildings have been restored to thei 
appearance with the 3500 sq m 
designed for laboratories and offices 

The Center does not possess laboratories for or- 
dinary chemical analyses or for the classical deter- 
mination of the physical properties of metals 
Such work is carried out at local university or in- 
dustria! laboratories, thereby allowing the work 
of the section to be carried out with a total force 
of only 100 persons, 30 of whom are engineers 


e 
of a major basin as 
industries 
Lux- 
embourg steel 

The 
lovely was con- 
completels 
destroved 
original 


exterior interior 


Laboratory research 
The Liége section of CNRM is well equipped for 
the study of metal physics: it has three machines 


for direct spectral analysis, one of which works 


under vacuum and can be used for the determina- 
pieces of 


tion of metalloids. There are a dozen 


X-ray equipment for quantative determination and 
The section possesses two elec- 


electron diffractograph 


molecular analysis 
tron 
Other 
a mechanical testing laboratory, and a creep- and 
rupture laboratory highlights of 
the laboratory work being carried on follows 
With the need for rapid control of 


metallurgical processes, perfection of techniques 


microscopes and an 
installations include gas-analysis equipment 


Some of the 


for direct spectrographic analysis has occupied the 
attention of the 
been aroused in direct rez 
structed in Belgium under license of Macq. As a 


result of CNRM'’s activity, such a piece of equipment 


Section. Particular interest has 
idi 


ing spectrographs con- 


has been installed at one zinc 
rapid determination of nine 


second 


plant permitting the 
installation permits the 
impurities in lead and cadmium 
The ographic and 
at Liege have permitted the 
take a number of ] 


metall electronic microscopes 
laboratory to under- 
special projects. One of thes 


pertains to the principal aspects of bainite belonging 


to different classes of TTT curves. This has per- 
mitted an interpretation of the role of 
stresses and an understanding of the influence of 
structure on the formation 
structure and aging c 


surtace 


of hydrogen flakes. The 


laracteristics of low carbon 
steels are also under study 

An intensive study of metal flow at elevated tem- 
peratures is being undertaken. A number of special 
steels have been investigated, but one of particular 
interest has been an alloy of 9 pct Cr, 1.8 pct Mo, and 
2.2 pet Co for use in making high pressure boiler 
tubes. 

At the request of the Centre d’Information du 
Cobalt, the Liege section of CNRM has undertaken 
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ig 
* 
| 


in metallurgic 


content of steels blown 


converter operation, 


ileveloped a photoelect 
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method, and an immersion thermocouple for meas- 
uring bath temperatures 


Hainaut section 
The Hainaut section of CNRM in Charleroi, Bel- 
gium, has developed its plant and laboratory ex- 


nental program toward the perfection of new 


perl 
techniques and processes, particularly the basi 
bessemer or thomas process, and continuous casting 
technique 

However, since its foundation, the Section has 
largely concentrated on laboratory research work 
This has included work on the quantities of oxygen, 
I n, and nitrogen in ferrous metals. A study 
has been made of the isolation of inclusions by 
odine in an alcohol atmosphere, bromine in an 


g to 


~ 


ester atmosphere, and by electrolysis accordi 
Klinger and Koch and Sobiesky 

Numerous problems have been studied by X-ray 
liffraction and fluorescence; these are applicable 
to the study of metals, inclusions and slags 


The mechanisms of the rupture of steel is being 


studied by means of high-speed photomicrograph) 
and by tests in the Robertson tensile machine. The 


are compared with radio spectrographic ob- 


The Hainaut section also has several furnaces 


which permit experimental work to be carried 

on with many types of steel. One is a vacuum 0! 

controlled-atmosphere furnace, which facilitates 


the study of diverse elements on the properties of 


Plant experimental work of the Hainaut section 
is concerned with two matters: a study of the con- 
andardization of the thomas process, and a 
study of the optimum operating conditions of the 
blast furnace. The former study includes blowability, 
temperature changes, and the calculation of the 


termination of the operation, including after- 


Continuous casting has been the subject of ex- 
tensive study by the Hainaut section. The program 
is directed into two main channels: killed electric 
r thomas steel in sizes from 90 mm sq to 125 mm 
sq, and rimming thomas steel in sizes of 175 mm sq 
to 200 mm sq. During 1957, a pilot plant for ver- 
tical continuous casting was designed and built at 
the works of the Aciéries et Minieres de la Samb 
This plant was designed or four independent 
ines: one 


nd a second for 200 mm sq rimming steel is unde! 


ic 


for 90 mm sq billets is already operating, 


construction 

The 90 mm line has a thick-walled copper mold, 
suspended by an elastic method. As it emerges, 
the billet is cut into 4.5 m lengths by an automatic 
torch 

Horizontal continuous casting is also the object 
of some study by this section of CNRM. The prob- 
lems of the tearing of the ingot so cast have been 


investigated extensively 


Conclusions 

These are but the highlights of the work of 
these two sections of the Belgian National Research 
Center. To describe all of their activities would in- 
deed be beyond the scope of this article and several 
others as well. But the examples cited will serve to 
show what is being done in the way of metallurgi- 
cal research to keep the Belgian metals industries 
at a point of high technological development. 


vast I gran n cobalt allovs. Part of this work 
} erned the Fe-Cr-C-Co equilibrium dia- 
v Furthe the lal torv has been studving 
tre lus e or ¢ alt n the structural, mechani- 
' nd che al } erties of many types of carbor 
nd tee Initia esults of this work show 
that ene cobalt has little direct effect on the 
t \ il] teels, but I stainless steel 
fn e than 13 pet Cr, the effect of cobalt manifests 
t 1! nutior f the speed tf austenitic 
4 transt itiol The laboratorv has observed in 
é tne Tay abdle nfluence on } gh-tem- 
ture properties f cobalt added in low-alloy 
nd staink tee I vy, f eabilitv, and oxida- 
4 eel parti ila ly significant 
The Liege laboratory |} installed special fur- 
I ( I tne preparat I I large single crvstals 
‘ I techniques have been used in their preparation 
: ‘ I lenil and fusion in a soft mold 
I the X-ray liffraction laboratory has 
ed the development of a technique for the 
| _ i rapid control of the skin in the skin- ee 
cold- ne technique for sheet steel. A fine 
pret tior fa scale standard specimens which 
] n be compared with specimens from the rolling serves 
ipplementary deformation in the skin-pass 
Research a! plants 
The ant researc! rk of the Lie ue section of 
CNRM |} had ts principal object, improving 
tre l I Da pesseme! tee! which consti- 
tute me 80 pct of Belgian and Luxembourg pro- 
tuctio! Other matte! nvestigated include the 
elation betwee the mechanical properties and 
the cnet il analvse ld- lea strip, agglom- 
eration f e fine educibilit of ore, improve- 
blast-furnace technique, and the physical 
ner! ca eactior I and metal 
lr et 1 t basic converte techniq ies, the use 
f oxygen-steam blowing has been the subject of a 
great dea f work. This technique permits the 
’ juction of steel with 0.0025 pct N., and it has 
: been found pr ble t educe phosphorus to 0.020 
ct | ising a double slagging operation. Today 
at it OU pet f the Belgian-Luxembourg steel pro- 
juctior made by th ljouble-slagging oxygen- 
team blowing proce 
Blown teel with an oxygen-steam mixture ha 
ead to a V 1 quiry regarding the probable in- 
3 t been the subject of a special study at Liege which 
} hown that the hvdrogen 
vith . en-stean higher than for those blown 
with ox en-enriched air; the difference is 9.5 cu cm 
be 100 mpared wit! $3 to 4 for the latter Ex- 
: periment work has revealed that, when the bat! 
blown with air or oxvgen-enriched air after the 
‘ emova f the phosphorou lag, the hydrogen 
content of the metal drops to values identical vith _ 
those of steel converted entirely with air or oxygen- 
enricned l 
The use of pulverized lime in an oxygen lance 
has also been the subject of industrial research by 
the Section, and a new plant-scale installation has 
been constructed to carry out this work on refining 
high-phosphorus pig iror 
In regard to the control of thei =: 
the Section has technique 
of flame observation, a direct spectral analysis 


GERMANIUM, 


ZINC’S IMPORTANT BYPRODUCT 


A pioneer of germanium as well as Europe's oldest ¢ 


zinc is Vieilie-Montagne. Germanium output is 
pliant of Balen, Belgium, where tisa byproduc oO 


by Theophile Boving and Jean Andre 


ISCOVERED in 1886 by the German chemist, 
Winkler, germanium was, until the last few 
laboratory curiosity. However, its 


years, merely a } 
particular physical properties in electrical semicon- 
ductivity, revealed and used since World War II, are 
giving it an even more brilliant future in electronics 

Germanium is, in most cases, found in very small 
quantities associated with zinc, lead, and copper ores. 
t is essentially a byproduct of the zinc and copper 
industries and particularly of electrolytic zinc met- 
allurgy. It was, thus, only natural for Europe's larg- 
est zine producer, the Belgian firm, Vieille-Mon- 
tagne, to become one of the pioneers in germanium 


Byproduct of lead-zinc complex 


Germanium has been produced since 1949 in the 
largest electrolytic zinc plant of Vieille-Montagne at 
Balen, Belgium. Created in 1889, Balen is now an 
industrial complex covering 70 acres. It is an excep- 
tional example of the integration of an electrolytic 

THEOPHILE BOVING and JEAN ANDRE are with the Balen, 


Belgium plant of the Societé de la Vielle-Montagne S.A., as En- 
gineer-Director and Chief of the Research Services, respectively 


ind largest producer of 


centered at the zinc-lead 


nce plant, a le 1 t nt, and lil c acid plant, as 
Well as fac ties I ecove ng numerou byprod- 
uUCLS 

Zine ores gene y contain some t i, and lead 
es contalr some I Vas itt vethe ogical 
to integrate as completely as possible the metallur- 
gies of both of these two metals in order to permit 
the recovery of all of the lesser metals. This was 


Balen in the following 


progressively realized at 
manne! 

duce lead bullion and zinc- 
na 


lead and 


1) Lead furnaces pri 
iferous slags which retain 


est part of the zinc cont 


some 
ained in the lead ore. These 
1 a blast furnace (Philipon process 
hot-air blast), and the resulting oxide is one of the 
raw materials for the manufacture of electrolytic 
both the 


oxides gives a 


2) Sulfuric 
cines and the blast-f 


leaching of raw Zinc Cal- 


irnace resiaque 


containing the non-dissolved zinc and all of the 
lead. When the lead content of these residues is 


hioh 


plant 
nace for zinc recovery 


they are used as a raw material for the lead 


Otherwise, they are treated in the blast fur- 
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4, 
electrolytic zinc 
Balen, Belgiu 
‘ 
Mons 
| 
| 


1—tThe flow sheet of 
Belgium plant 


Fig. 
the Balen, 


A M STANN shows an integrated zinc and 

eho ANTIMONIATE lead smelter and refinery, 

E MUTH designed to recover byprod- 

ucts. In the closed circuits, 

| SLAGS byproducts are removed at 
TO OUMP 


the point where their con- 
centration is at the highest 
level. For germanium, this 
point is reached in the zinc 
oxide leaching, which gives 
residues containing up to 


0.3 pet Ge. 


This metallurgical integration offers the best con- 
iitions for the rational recovery of all of the lesser 
metals contained in lead and zinc ores. Such byprod- 
ct met e first concentrated in residues, dusts, 
ana nes eithe vnelr isting < else in the elec- 
trolytic circuit. Appropriate metallurgical treatment 
é bles Balen to turn out silver, cadmium, bismuth 

ercu th: im, copper sulfate, sodium antimo- 
nate ilclum stannate, calcium arseniate, and ger- 
maniun 
Concentrated in circuits 

Germanium was first manufactured at Balen in 
1949, but its presence in the solutions of the elec- 
t tic zinc plant had been noticed long before 
when it was not a question of recovering the metal to 
meet the demands of the electronics industry. In 
fact the presence of minor quantities of germanium 

r than 0 mg per liter—in the zinc solution 
( ist i ge decrease in current efficiency, and 
might he electrolytic process uneconomic 
The k of this was increased by the integrated 
metailu ‘ at Balen, because all of the materials 
flow in <« ed ¢ cult is is shown in Fig. 1 

Germanium enters the cycle largely in the nc 
calcines which run from 10 to 400 g of Ge per metric 
ton. Some lissolved with the zinc but is precipi- 
tated before the solution is transferred to the elec- 
trolyt ‘ vhile the remainder passes along with 
the re tue 


There are duplicate leaching circuits in the plant 


and the other for 


ne for treating raw calcine 
treating oxides from the blast furnace. Residues 
from the oxide leaching have a sufficiently high lead 


content to be treated in the lead furnace. This treat- 
ment results in a slag which retains the zinc and 
germanium 
Residues from the calcine leaching generally have 
too low a lead content to be treated in the lead fur- 
nace. Instead they are fumed in the blast furnace, to- 
gether with the slags from the lead furnace, in order 
to recover zine values. Zine recovery is about 70 pct 

The reducing atmosphere in this blast furnace is 
such that almost all of the germanium charged is 
volatilized at the same time as the zinc, so that the 
rmanium is found once again in the zinc oxide 
which is sent to the leaching circuit 

Thus, it may be seen that, owing to this treatment 
in a closed cycle, germanium was building up con- 
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tinually in the circuit. It increased to such an extent 
that it was not unusual to treat at the electrolytic 


plant zinc oxide contai than 0.1 pct Ge, 


i.e. 20 times more than the germanium content gen- 


erally considered as a maximum limi the ores 
The electrolysis would soon have become unwork- 


n to rid the 


> > ] kL 
able, had not special measures been taken id 
electrolyte of germanium. So it was that the separa- 
tion of germanium from the solution was one of the 


major problems that had to be solved in the elec- 
trolytic process at Balen. When it became evident 
that this unwanted element was of great value, a re- 
covery and purification process was finally devel- 


oped 


First, a germanium concentrate 


Germanium is taken out of the given closed cir- 


cult at the very point where its concentration is at 
This point is 


which gives residues containing up 


its highest level reached 
xide leaching 

to 0.3 pet Ge. Advantage is taken « é 
germanium in water at appropriate pH and temper- 


ature, and the washing of these residues enables the 


greatest part of the germanium to be dissolved 

After filtration, germanium is selectively precipi- 


tated at appropriate pH and temperature. The re- 


sulting cake contains 2 to 3 pet Ge 


From concentrate to metal 

In principle the steps in the manufacture of ger- 
manium metal at the Balen works in Belgium 
include 

1) Digestion of germanium concentrate in hy- 
drochloric acid to obtain GeC] 

2) Purification of the tetrachloride by distilla- 
tion; 

3) Hydrolysis of the pure tetrachloride to obtain 
GeO, ; 

1) Reduction of the dioxide to germanium metal; 

5) Physical refining of the metal; and 

6) Control of the quality of the metal 


1) Germanium tetrachloride 

The germaniferous concentrate is heated in an 
enclosed vessel in the presence of hydrochloric acid 
The resulting germanium tetrachloride has a boil- 
ing point of 83°C and is thus readily distilled and 
condensed in flasks filled with pure hydrochloric 


SULFUR ACID 
2OASTIN NTERING ——® SULFURIC ACID 
4ALLIUM + 4 LEAD 
ALCINE NTER ADMIUM 
i 
EACHING Me 
FUMING 
7 iN “Ine 
} ATION TON@— LEACHING 
Pins ELECTR WASHING OF ERMANIUM 


acid in which it is miscible when hot. Quartz bal- under a flow of hydrogen, giving a grey-black 
loon flasks of large capacity are used for digesting powder which is unmelted metallic germanium. It 
the germanium concentrate is then possible to raise the temperature gradually 


The germanium tetrachloride, thus produced, is to 1000°C, still under a flow of pure dry hydrogen 
quite impure, but it is passed through a double dis- After cooling, a bar of germanium is withdrawn. It 
tillation in a medium saturated with chlorine in or- has a metallic appearance and already an impres- 

remove as much arsenic as possible. After this sive high purity 


reatment the tetrachloride still contains up to 0.01 


5) Purification of the metal 


g of As per 1, along with othe 


pure product is transferred for Electronic devices require a metal which is still 

purification purer than that already achieved. Fortunately, a 

process called one meitting has been perfected 


2) Purification of the tetrachloride which enables the required results to be achieved 


Purification is carried out by distillation under a This technique, which depends upon the greater 
flow of chlorine. Round flasks, charged with GeCl.,, solubility of impurities in a melted substance than 
are connected in series of seven, are surmounted n a solid substance, is used on bars of reduced ger- 
with Widmer columns followed by a refrigerator manium metal. A liquid zone is made to travel from 
Germanium tetrachloride is introduced into the first ne end of the bar to the other, and owing to the 
round flask and slowly heated; it evaporates and is greater solul ility of ities in the liquid zone 
condensed in the following round flask, which in the latter Wlil Car! mpurities to one end of 
turn is heated as soon as the first flask has emptied the bat 
its tetrachloride. The tetrachloride distilled in the In usual practice the bar to be ed is placed 
last flask is condensed in a storage flask, located in in a boat of high-purity graphite, the latte na 


a separate 


eur? a n th e- 
Such a purification system is quite standard UPPOUNGS the ins the during e zone ! 
However, the followir feature is considered dis- moved si 


the 
some 


hydrochloric acid. Germanium tetrachlori 


6) Control of quality 


ium tetrachloride must pass It would be impossible to check the purity of both 


inmis meas- 


3) Hydrolysis 


A plastic tank of some 200 1 capacity with a mech- ing it to metal and checking the resistivity of the 
anical agitator is used fo. hydrolysis The tank 1s resulting metal 
filled with water of low ion content and consequent For other tests, metal of a single crystalline struc- 
high resistivitv—more than 5 million ohm-cm. The ture is required for accuracy of testing, and the 
agitator is started, and pure germanium tetrachlo- preparation of single crystals of germanium is now 
ride passes into the tank, drop by drop, where it well perfected 


hydrolyzes immediately. Upon completion of 


operation, the tank contains germanium hydroxide High-purity silicon, a competitive material 


n suspension, and iltered through orlon can- Research is being conducted on other semicon- 
vas. Only plastic materi is used for this equipment ductor materials. At present the nearest competitor 
so as to avoid int: of foreign metallic ele- to germanium is silicon. There are three big US pro- 
nts into the germanium compounds ducers of this material: duPont, Eagle-Picher, and 
The white filter cake of germanium hydroxide is Svlivania. Several domestic and foreign fi are 
placed with care in quartz bell jars, which are put also working on this, and it can be expected that 
into an electrically heated furnace to dry and cal- they will enter the market in the not too distan 
cine the hydroxide into a powder of germanium future—Vieille Montagne is one 
dioxide. This material still contains some agglomer- The future for silicon appears every bit as bright 
ates, which are later removed by passing through a as that for germanium (and perhaps even brighter) 
vibrating nylon sieve since the supply of raw materials is not a problem 
This product is packed in l-kg containers. Germa- Whereas germanium is a byproduct, high-purity 
nium dioxide is a commercial product, since some silicon can be considered as a primary product. The 


his 


customers prefer to carry out the reduction of the uses for silicon at present include transistors, diodes, 
oxide and subsequent operations themselves. Never- power rectifiers, solar cells, and the atomic battery 
theless, in order to satisfy all customers, Vieille- 

Montagne has equipped a division for reduction and Conclusions 

refining to an electronic metal 


The advances in the uses and in the processing of 
: . germanium during the past decade have been al- 
4) Reduction of the oxide most phenomenal, and it is certain that new devel- 
Germanium dioxide is reduced with hydrogen gas opments will continue; therefore, a continuation of 


aa ua 


in a two-stage operation which prevents the forma- the growth of germanium for the next decade can be 
tion of germanium oxide—GeO. These are accom- predicted. Even if its future growth is only half as 
plished in electrically heated tubular furnaces. In spectacular as its past, germanium will have 
the first stage, reduction is carried out at 650°C, than lived up to its expectations 


more 
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I 
tet? A niair hiogh-nurit' current, which enables a narrow melted zone to be 
acni it eaci nial 
and hy- chieved 
drochloric acid are immiscible, so that the two cen 
liquids separate into distinct phases. In this way [iy ug 
the condensed german 
through several beds of pure acid which tend to dis- xide and metal Dy standard chemical or spectro- = 
solve the residual impurities. So, there are, in real- graphic tests. But control of impurities is easily ae 
ty, two purification processes 1n operation: distlila- achieved because of the great influence that impuri- Ree 
tion and treatment in pure acid ies have on the resistivity of the metal. k= ar 
urement is standard, and does not present any diffi- a 
ced by 
5 


HIGH-PURITY COBALT 
ITS PROPERTIES 


gnh-purity cobalt 


tmportant for 


by F. R. Morral 


HE Centre d’ Information du Col alt, Brussels, 

Table |. Chemical Analysis of Cobalt Ts lgium, has, over the past several years, spon- 
sored a series of investigations. the urpose of whicl 

Impurity Content, Pet by Wwe was to widen the knowl. dae of the sic properties 

oe Zone Re Powder t cobalt. Many of the contradictions. which are 


Analysis by fined, by Analysis by Electro- 
Supplier” Battelle Battelle Supplier lytic 


However, 99.95 


been made, new ¢ xperimental 


ype vertical coil. This improved the purity of the 

2 : cobalt from 99.95 to 99.98 pct, Table L A previous 
19 O47 99 GF 19 19 7 19 

attempt to zone refine cobalt had been mad by an- 


but they experienced contamin 


F. R. MORRAL is with the Cobalt Information Center, Battelle 
H i ¢ The Memorial Institute, Columbus, Ohio. Port of this paper was pre 

= Phage sented at the 1958 AIME Annual Meeting in New York and part at 

the 1958 AIME Pacific Northwest Conference in Spokane, Wash 


"98 


Fig. 1 @ (left) and 1 b (right)—Metallographic appearance of zone-melted cobalt, showing the effects of grain ori- 


entation on hardness. Magnification, 250X, reduced one half. 
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l rese ch-in-nroore } 
( bon f and na he ovte 
rate results 
able to the use of impure materials. 
2 ecnniques Nave been devel peda, and ia tecnniques 
- 2 have been improved 
Zone-refined cobalt 
2 - : During 1957, the Battelle Memoria] Institute zone- 
2 . refined some cobalt for the Cobalt Information Cen- 
0 002 2 ter, USING induction heatir +} 
= 
spect labora ontamina- 
te to factor of tion from the crucibl 
: 4 ae it irogen to 0.7 


/ 


Fig. 2—Zone-refined cobalt heated 
to 420° to 440°C in vacuum. 
Note thermal etching. Magnifica- 
tion 100X. 


from the 
tnose re- 


nr Se 


the X-ray diffracti 
Room temperature hardness tests on 

fined cobalt showed large difference: 

reading, 81 to 249 BHN, depending on the orientati 

of the hardness impressions within a crystal. The ex- 

tremely clean and 

Fig. 1 reflect the 


twins have formed either on cooling or from me- 


larrow grain boundaries shown in 


I 


igh purity the metal. A few 
chanical deformation. There is a ragged grain ind- 
ary at the left of Fig. Ia which appears to be in the 
process of migration 
The type of deformation process ope! 
to depend on the orientation of the indentation 
rain. Note the deformation trailing away from 
indentation in Fig. Ib and Ic. In one instance, not 
reproduced, there was extensive deformation even 


in the next grain 


Fig. 3  (right)—Hot-worked cobalt 
microstructure, 250X. Top (a), under 
non polarized light. Middle (b) ond 
bottom (c) under two orientations of 
polarized light at 45°. Face-centered 
grains are dark under polarized light, 
regordless of orientation. Those grains 
that appear black in (b) and (c) must, 
therefore, be fcc grains. 
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zone-refined cobalt and are compared with > 

ported by Taylor and Floyd’ in Table II. The 
ured density agrees well with that calculated from ¥ faa —s 

~ 


Table Il. X-Ray and Density Data of Hexagonal Close-Packed Cobalt 


Calculated Measured 

Density*, Density, 
G per G per 
Cu Cm Cu Cm 


Lattice Constants, Angstroms 
Reference Preparation History Remarks 


m-temperature hexagonal phase 
Changes in hot hardness with temperature 
asured on cobalt of diff t or 


ieren I ns: Zone-re 


Table II!. High-Temperature Hardness of Cobalt 


Variou 
Vickers Hardness Number 
Electrolytic 
P Zone- Present After After 
Refined* Work* Chubb Brenner 


to 900° C 


(ciose-packea-N 


Is Made Decause 


urity and processing 
uch as cobalt, whi 


llotr 
aliOUl 


opic transiorm 


additional problems. Because of 
must use caution and, before 
y, he must know the relative amounts the 

two phases present 


References 


R. M 


‘mbarking on a 


Research 


365 
Sir 


itted 


mparativ 
AIME 


Fig. 4—Creep curves for powder-metallurgy cobalt at 500°C & tin and J = = a -y 
according to Adkins, Sims, and Jaffee.” 74, 1934. 
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T if Q he + < 2 74 4.0699 1.623 { 2 Cc lerable f 8-Co present 
i t Z 2 ’ 4.069 1.624 8 844 4 Ss ef Co present 
No f S-Co detected 
21 the t At wt 4: A s Numbe 6.0228x 11 
— dls ' halt dets ed by X tract ising Fe-K t 
Mat ‘ ed 
The high hardness seems to be associated with designated on the micrograph. The balance of the 
; twinning (1120), and low hardness with extensive slip planes appeared between 20 and 50 min after 
basal slip on the (0001) planes. Basal slip seems t the power was turned off and while the sample prob- 
; experience little work hardening, which is sugges- ably passed through the allotropic transformation 
tive of easy faulting.’ If faulting on the basal plans temperature (changing in part from fee to close- 
: ; ea the total amount of deformation (indenta- packed hexagonal) 
tion) obtained in the most favorable case may be The microstructure of cobalt fabricated to 0.060 
é than if no faulting existed and may also result in. sheet from sintered bar is shown in Fig These 
n the introductio1 f other-than-basal slip. Al- micrographs show how polarized light may be used 
though cobalt should be susceptible to such faulting to differentiate the fcc high-temperature from the 
there see! to be no evidence of complex slip, at re 
east due to hardns indentation were 
A thir mple of this zone-refined cobalt (Fig. 2) me fined, 
was heated in a vacuum of 2x10° mm to 420 to sheet (Fig. 3), and electrolytic cobalt (99.75 pct Co 
440°C and held for tw days. The riginal structure flake used in alloy making). Table III compare the 
hown by thermal etching (reading 400°C), has been lata obtained with that reported in the literature 
y After raising to temperature, the hardness of the 
material was then checked after « ling to ambient 
ee temperatures. A parallelism in behavi mong the 
types of cobalt is evident, both on heating 
and after cooling. the differences in hard- 
room temperature are, no doubt, associated 
the impurities, gas content, and relative 
amounts Of a xagonal) and 
RT 2239 7 225 (fec) phase present 
; 209 212 141 Data on creep were recently obtained by Adkins, 
- 159 Sims, and Jaffee’ and are summarized in Fig. 4. Al- 
42 109 14¢ : 119 len and Carrington’ reported the creep stress of co- 
47 119 } Dalt for 10 pct deformation in 24 hr at 1000°C as 
1388 psi. C. R. Austin and J. R. Gier’ determined thx 
2 creep rate of cobalt using a modified Rohn test. No 
4 COMparisoOn of the different measur- 
nT 284 on 79 ing techniques and temperatures used 
..1 192 2 2 177 
These limited dat u est the in portance of con- 
‘ trol of when studying metals 
ro a e A meta h has a rather low tem- 
die 
perature ation (420°C), presents 
— | 
/ 
F. MiliMforral: C t and its Alloys, Cobalt Information Center, 
4 4 Columbus, Ohio, Re sed, 195 
4 Discussion with Dr. A. Cochardt, Westinghouse Electric 
LU Acta ¢ t 3, 1950, pp. 285 to 289 
| ‘Discussion with Prof. T. Massalski, University of Birmingham, 
t England, and L. Marsh of Battelle Memor Institute, Feb. 1958 
W. Chubb: Contribution of ¢ st Structure to the H iness of 
+ + + 4 Metals, J NAL OF METALS, V 203, pp. 189 to 192, 1955 
i 4. Brenner: A Microhardness Tester for Metals at High Tem- 
= peratures, Plating, 38, fgg. 1951 
—— E. F. Adkins, C. T. S¥ns, and R. I. Jaffee: Nonmetallic Disper 
sions in Cobalt, to Transactions of The Metallurgical So- 
pt *N. P. Allen and W. E. Carrington: Exploratory Creep Tests on 
Time, Met fH Melting Point, Journal of Institute of Metals, 82, 
| OG Studies on Creep of 
‘ rans vol. 111, pp. 53 
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Belgium 


ZINC RETORTS OPERATIONS MECHANIZED 


by Albert Ghysens 


ns associated with the The machine comprises a support chassis which 


operation of horizontal zinc retorts Nas been moves in front of the furnace on the same rails used 
the very hard work involved in charging and dis- by the charging machine. On this chassis is mounted 
charging. | n vei attempts have been made a horizontal tool ting frame, which may be 


t lesig ! chines to mechanize these operations aisea, lowered, 0 nclined to the height 
but the results have not been wholly satisfactory and slope of the row of S. e frame has 

Europe gest ic producer, Vie ntagne four ladles or tools of the same shape as those pre- 
thus et about designing suitable ng and viously used with hand cleaning, except that they 
cleaning-out machines are somewhat longer. As a rule five to six successive 


passes are sufficient to clean out completely four 


Charging machine retorts in about 1 min. According to the sticky state 
The charging machine, shown in Fig. 1, consists of the residues, the ladles may be cooled with water 
a Irame fhxed supporting wheels, travelling in or not. Operating and maintenance costs are small; 
lirectior el to the furnace face, and support- the working tool itself is a very simple shape made 
ng a thrower-casing topped by a hopper containing of carbon steel, hence a low-cost replacement 
ifficient cl ‘ 24 retorts. Inside of the mact Advantages derived from the _ cleaning-out 
a short ibber belt rotates at high speed between machine are 1) decrease in working time at the 
t I s shown in Fig. 2. The ore-coal furnaces, 2) suppression of the hard work of hand 
mixture f the | er falls tangentially onto the cleaning-out, 3) better cleaning-out. 
vertical part the belt. It is thrown by means of a Both machines working together have permitted 
idle-whee nto the wer concave part of the belt a 50 pct saving in labor and a greater ease in hiring 
nd etted into the retorts tl ugn a tl V-plpe and retaining workers. Th improvement, 
at peed of 20 m per sec that has been brought to yrizontal retort 
Tod — Belgian and foreign zinc smelters process, is the result of cl ration between 
tted wilt! these n nines tor charging ! the research and manufacturing departments of 


itagne 1 


1 Belgium 


Cleaning-Out machine 


A cleaning-out machine for the horizontal zinc 


torts wa Geve pe 


es in the fact that it carries out exactly tne 


if the cleanout ladle previously used by the worke! 


ALBERT GHYSENS is with the Technical office of the Societe 


de la Vieille Montagne S.A. at Angleur, Belgium 


Fig. 1 (above) and Fig. 2 (right 
—Simplicity of design of these 
charging machines has relieved 
the arduous manual labor tra- 
ditionally associated with the 
operation of horizontal zinc re- 
torts. In addition, higher pro 
duction and longer retort life 
have been achieved 
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des 
| 
NE of the major problems 
& 
zontal retor Advantages derived trom this me~ Vieille More 
chanical charging method are i) an increase of pe 
juctior f 6 to 7 pct resulting from charging an 
} ‘ 9 ‘ 
eased we nt f material into the retorts, <) > 
regularity of the quantity charged in each retort De. 
which gives a Dette resistance of the retorts, 3) 
labor saving amounting to 55 pet 
>» 
be 
.+. tar. 
~ 
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WORLD’S FERROUS METALLURGISTS MEET 
IN BELGIUM AND LUXEMBOURG 


The Journées Internationales de Sidérurgie, a 10-day gather- 


ing O] 1250 metallurgists and steel specialists, had as wuts 


by F. Weston Starratt theme, “New Iron- and Steel-making Processes.” 


ey 1400-year-old metalworking city on Luxembourg Steel Federation), and the Groupe- 
the Meuse river in eastern Belgiun was ment des Hauts-Fourneaux et Aciéries Belges (the 
the host city to the opening of the Journees Inter- 3elgian Blast Furnace and Steel Federation), was 
gether 1250 metallurgists and steel specialists from visit of the Iron and Steel Institute of the United 


<ingdom. 
32 countries and included many of the world’s key K lom 


This 10-day round of technical meetings and 
plant visits, commencing in Liége, continued in two 
major steelmaking centers—Luxembourg and Char- 
and terminated at the International Exposi- 


ferrous metallurgists 

The meetings, organized by the Centre National 
de Recherches Métallurgiques—(the National Metal- 
lurgical Research Center), le Groupement des In- leroi- 
dustries Sidérurgiques Luxembourgeoises (The tion in Brussels. 


666—JOURNAL OF METALS, OCTOBER 1958 


TIAN ALES DE 
RNATIONALES 
i 
ka" 
pe g Session in Luxembourg. Left t ght: Mr. Wheeler 
President of the Iror nd Steel Institute: M. Perot, President 
{ f the Belgian Metallurg Research Institute; M. van det 
Rest, President of the Belg Blast Furnace and Steel Feder 
t M. ¢ eu President of the Executive ¢ ttee f the 
Conferet M. M President of the French Ferrous Re 
search Institute; and Mr. Headlam-Morley, Secret f the 
, I and Steel Institute 
4 
‘I 


New iron and steel making processes 


The theme of the Congress was explaine 
of the organizers of the meeti . 
CNRM, “During the last t 

of all countries 
is activity has manifestec 
oft new plants, 
more powerful means o 
cise control of operations Du 


above all, by the development of new 


netallurgists have estimated 
has come to present the result 


new steelmaking processes which 


he Journees Internationales de 


practicable *y have proposed the 


his end. In the course of the meetings three m 
problems were studied 
1) Ironmaking, including direct reduction, 
f improving blast furnace productivi 
low shaft furnace: 
2) New Steelmaking Processes. 
new techniques for converting pig 
Rotor, LD, oxygen-steam, 
powder 


hearth productivity, 


methods, m 


furnaces; 


3) Continuous Casting of Steel.” 


Converting pig iron 
With Belgian and Luxembourg 
based largely on the basic besseme! 
emphasis was given to the man 
converting pig iron. Plant visits 
gave convention 
to inspect closely the 
ing technique, which is widely us 
Belgium and Luxembourg 


Their Royal Highnesses, the Grand Duchess and the Prince of 
Luxembourg, conducted by M. Gabriel Chretien, Vice-President of 
the Luxembourg Stee! Federation, and M. Fourneau, Director Gen 
eral of the Société Miniére G Métallurgique de Rodange, to the 
opening of the Luxembourg sessions 


the most interesting plant visits was at 
i. S.A. des Aciéries et Minieres de la Sambre, 


The technique is descri 


ring lime t 


ig equipment 


? 
*n-steam bot- 


these pay 
JOURNAL OF 
me of tl 


On p 


te 
LE 


have been corroborat 


Consultar 
this 


th 
h progress hi: 


Was convince? 


rocess 


The OCP process 


A new converting technique for high 
has been developed in Belgium aft 
rs of research by the Belgian Metallurgical R 
search Center. It was the subject of an important 
pape! \ iul Metz chief Engineer of ARBED’s 
Dudelange plant. Initial work showed that the simul- 


? 1] 
Lal 


of oxygen and lime powder made 


June 23rd, the opening session of the Journées Internationales de 
Sidérurgie in Luxembourg at the Noveau Palais des Expositions 
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od 
Charle1 
DV one be | 
where t 
neur ol 
carbon-dioxide blowing. bed Ly 
n page 669 of th ssue 
niv 1 The la Sambre firm had just put into operation i. 
what probably the first commercial installation 
OT new 
or bottom blowing with powdered lime. They had a 
= + + ] 
nossibls completed an installation {for 
: 99 pct 0.5 mm. Automatic handli_ 7 
production 
tech1 permits the lime t be used | 
“Ou that the mo- prac n any Ol ne 
ment € the l7-ton converters. The installation can blow up to i 
ee ae 800 kg of powdered lime per min, with about 350 a. 
industrially, 
a aS kg being blown per heat to ccver most of the flux- a 
ng requirements 
om Those who had developed each of the majo: a 
ajo 
steelmaking processes presented papers at the a 
th- technical sessions Some of s already 
have been published in the METALS, 
and we shall be publishing emainde! ae 
4 luring the next few months. EJ. 673 of this issue ak 
, s found the paper, LD Produces Alloy Steels in Be 
P AUS 1 by O. Cuscoleca and K. Rosner, describing es ie: 
¥ how the LD technique is now being used for the — 
en- 
} rhoy ] T skler 
ERE and larger capacity electric production of high-carbon steels. H. Trenkler of Be 
: VOEST in Austria also described the experimental ae 
working of heats by the 
LD process. Results by 
operations at Pompey in |] é 
K. C. McCutches t for Armco Steel ane 
proaucuon Corp., summarized he conference. “It 
i cleal t(nat id been made At 
hese meetings | that bottom and 
mare ee! top blowing process are all flexible as to analysis ion 
Bale an control. This had previously been doubted by many a 
ygen-stean But 1] v that it w t oc] + sanv of a 
~ m 3ut I will say, that it was not clear to many of us aa 
throughout what the actual effect was on the economics of the 3 a 
> - 
wee 
+ 


eliminate the phosphorus during the 


t po ble t 

decarburization process. In the practice, which was 
developed, the converter 1s charged with hot metal, 
nost of the scrap, about 1/3 of the total lime, some 
bauxite. and a limited quantity of ore The oxygen 
lance is first placed in a high position and oxygen 
blown 1n at afra d rate later the lance Is lowered, 


nd pulverized lime 1s blown with the oxygen. A 
ngl r double intermediate slagging 1s practiced 
Total blowing time varies between 16 and 20 min 


Results: One of 
ocess which would pe 


the aims of the research 
jevelop a p! rmit 
rresponding reduction in pig-!ron con- 
This has been achie ved with 


steel, and a 


ton of 


1) high metal y ield—90 pct 


oxygen consumption—1900 to 2050 cu ft 


ton of pig iron 


3) low lime consumption—186 lb per metric ton of 


steel 
4) high speed of refining—35 to 45 sec per metric 
ton of steel 


f dephosporization even with high final 


C conte! and 
6) production of steels of less than 0.02 pct S and P 

and 0 004 pet N 
llows that this is an economical process sult- 


production of high quality steels 


Open hearth practice 

A majo! 
ypen hearth practice with an excellent review 0! 
British deve lopme nts, The Driving Rate of Upen- 
Hearth Furr presented by R. W Evans et al 
as well as a review of US practice by Lightner 


session was devoted to the 


technical 
aces 


wet 
While there were at a dozen 
attendance at the meetings, none OF tts 
had registered in they were not re- 


corded ir 
None of 
they parti ipate 
ments as to Soviet achievements In whatever aspect 
was being discussed 

The delegation included A. M. Samarin, whose 
article Vacuum Treatment oj Steel in the Soviet 
Union appeared in the March issue of JOURNAL OF 
METALS, pp. 190 to 192 stated 
that much could be accomplished with va- 
reduce gas con- 


advance so in I n 
the official Who’s Who of the conference 
] lt} sor 


them presented formal papers, aitnough 


in each dist ISSIOTI making state 


of steeimaking 


In the discussion, he 
briefly 
cuum treating converter steels to 
tent. Such techniques, he claimed, are cheaper than 
the LD process with its relatively high cost of oxy- 
gen. He also advocated vacuum treatment for de- 
sulfurizatien, and went on to say that vacuum 
treated steels had superior structure and less segre- 
gation when used with continuous casting techniques 

A Soviet authority on the operational side of 
is A. Morozov who discussed Soviet 
open-hearth practice We briefly mention some of 
his remarks from hurriedly copied notes, although 
at a later date, JouRNAL OF METALS hopes to print 
his full text. He told how a great number of open- 
hearths in USSR are now being equipped to use 
oxygen in the fuel burners to Increase temperatures 
particularly during the melt-down period. Air for 
is enriched with oxygen up to 30 pet 
combustion, 


while 


open-hearths 


the burners 
The practice results in more efficient 


the fuel rate by 15 pct, 


which decreases 
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reased about 17 pet. In 1952 water- 
ances were tried out In the open- 
interface 


capacity was inc 
cooled oxygen | 
f the USSR on the slag-metal 


hearths 
lance was used on up to 110 


The extruded copper 
heats 
A session 


nace, with a paper on 


the electric-arce tur- 


150-ton 


devoted to 
the new 


Was 


furnace at 


the Fabrique de Fer de Charleroi in Belgium and 
a review of US practice by Ogan and Carney Di- 
the subject of two 


t reduction techniques were 


recy 
papers: one by Cavanagh of Canada and the othe! 
by Scortecci of Italy. We hope to see something 
t 

JOURNAI 


further about these in future issues of the 


or METALS 


Blast furnace 
The blast furnace practice 
view of British operations by Colclough and a review 
of the Weirton experiments by Strassburger. Linde! 
Sweden papel 
blast furnace 


controlled 
which should be better than previously 


duction tests. 


session featured a 


describing a progran 


burden 


gave a 
test ol materials 
usea re- 


With many of the blast furnaces o! Europe forced 
to operate on burdens of relatively low iron con- 
tent, it is natural that some emphasis was given to 

] J. Astle 


the beneficiation of 
if the French Steel 


Research Institute, IRSID, pre- 


sented a paper reviewing the European practice 0! 


using a high-sinte! burden. He described the suc- 
out in Lorraine when 


cessful experiments car! ied 


using 44, 51, and even 65 pct sinter in the charg 
From October to December 1957. tests were made 
by IRSID on a blast furnace at the Dilling plant 

This was a rather small furnace 0! only 


n the Saar 


485 cu m volume, a height of about 20 m, and a 
hearth diam of 5 m. Operations confirm favor- 
able results of similar tests carried he Ap- 
pleby-Frodingham plant in the UK. Producing up t 
530 metric tons of pig iron per day, the correspond- 


ing coke consumption was only 363 tons 


Continuous casting 
The 


tinuous casting 


last two sessions in Charleroi were on con~ 
They were well attended and gave 
great interest that thet 
subject. Delegates also had a chance to inspect the 
experimental, continuous-casting plant of the Hain- 
t section of CNRM. The Soviets showed a film of 
operation at Novo Tula 


evidence of the e is In 


au 


their continuous casting 


Conclusions 

Taking part in the technical sessions, 
cluded 34 major papers and many hours of discus- 
1200 leading ferrous metallurgists 
as well as 


which in- 


sions, were ove! 
from all over Europe, both east and west, ¢ 
away as Japan 


many from overseas countries as fal 
ation in 


Also of high interest was the active participé 
the meetings of those who had developed 
of the new steelmaking techniques Much was thus 


most 


gained from the technical meetings, but pe! haps 
equally important, were the personal contacts, which 
and 


were possible in the luncheons, receptions, 


dinners. 

And finally a hand of thanks is certainly in ordet 
for the 19 plants and laboratories in Belgium and 
Luxembourg which so graciously opened their doors 
to members of this steel conference. 

More will be heard about the Journées Interna- 
tionales de Sidérurgie in future issues of the JOURNAL 


or METALS. 


of 215 kg per metric ee pie n 
rate of 878 kg. Other results may be summarized as 
follow 
| 


ONVERTER PRACTICE AT LA SAMBRE 


Both oxygen-steam and oxygen-carbon-dio.xide 
on an industrial scale to produce low-n trogen, 


Belgian mill 


Translated from an Article by M. Demarez 


PPLICATION of oxygen 1 
Plt has been forem 
efforts of the Acieri i 
(AMS). Since April, 195 


<5 to 


oxide blowing 


Two phase blowing 


It has been well 


establi 
verting is practiced 
nitrogen content 
about 0.0040 pet 
reasing 


increases as a res 


lower carbon monoxide content, and 


increasing partial pressure of nitrogen, 
From an economic standpoint, it is 

advisable to use the more expensive gases 

nitrogen content only after decarburiz: 

complete. Such a two-phase operation, 

and carbon dioxide or oxygen-steam 


phase, has been shown to produce stee equally 


as low nitrogen content as those produced in a one 
phase blow with the same gases, Fig. 2 

To determine the opportune moment to commence 
the second phase of blowing, the converter operato1 
uses an integrating instrument, which shows the 
total oxygen blown. The quantity of pig iron in the 


M. DEMAREZ is Chief of the Research and Control Div., of 
Aciéries et Miniéres de la Sambre, at Monceau-sur-Sambre, Belgium 

This paper was originally presented at the Journées Internationales 
de Sidérurgie, Liége, Belgium, June, 1958 


‘rmit advance calculation 
he special gases should be used 
nd phase is accomplished in 


interrupting the blowing 


Precautions with oxygen-steam 
protect 
The delete- 
is reduced by 
xygen and steam. But 
prevent 


} 


neat 


Irsce 
is© Ul 


blown at 
id end, re- 
xvygen-steam is 


C 


condensation 


Such precau- 


Gas mixtures and end point 


balance with either 


reduce duration of 
ng converter bottoms, the 


of the blow to 32 to 


second phase, the best gas mixture is about 
50 volume pct O, with either steam or carbon dioxide. 
‘hese proportions are determined in advance and 
maintained in the course of the blow by automatic 
instrumentation 
Oxidation occurs rapidly in the second phase, but 
Actually 
the effective concentration of oxygen is considerably 
greater than the free oxygen injected: with oxygen 
and steam, assuming steam dissociation at 70 pct, 
effective oxygen concentration is 67.5 pct, and with 


the volume of the blast is held constant 


oxygen and carbon dioxide, assuming dissociation 
of the latter at 80 pct, effective oxygen concentration 
reached 70 pct 
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— 
tee 
lowing practice are used Ihe 
basic-bessemer steel at this 
he 
» the basic-bessemer! charge and its ana ee 
t in th ¢ +) tin ¢ 
in the development Une ime when 
leres ae ia Samobre Changing t tne 
ygen-enriched blast about 15 sec without 
pet O Nas been used in plant opera ns 
resulting in improved steel quality, a 15 pct in- eS 
crease in capacity, and a more flexible operation a 
AMS, furthering these efforts t produce low- “6 
nitrogen thomas steels, has tested on an industrial “a 
scale two bottom-blowing converter practices: oxy- a 
gen-steam and oxygen-carbon-dioxide. Since 1947, _ 
semi-commercial operations have shown that the uss “oe 
f oxvgen and carbon dioxide n equal volume por- ; ue 
ions results in very low nitrogen content withou - ee 
Impairing the removal Of other impurities 
blown with 1 ted ox n-enriched r Pine 
The AMS converter shop contains four 16.8- vn W pre-neatea xVeen-enricned alr. ripe ae 
metric-ton units with cylindrical lining. Two are be adjusted in the 
ne rs ast wnel not nt nea 
00°C and at 350°C at the beginni a 
spectively. The second phase with ee 
carried out at approximately (. 
whether con- IONS a ure the total absence of Score 
iched air, the Toe! 
in I n n 
temperature, 
oxygen-steam or oxygen-carbo! ng, to 
ncomitant 
consume more scrap, and 
he process without affecti 
ot low 35 pet O. is desirable 
is Nall 
econd 
By. 


blowing, where it appears 


g the final dephospho l 
ve brilliances 


ds of blowing differ 


When using oxygen and carbon 


is charged with reddish smoke, 


cell, receiv- 
results with 


Is generat iin oxygen > blowin 


Although the end o 
lined from total ygen inpt it has been 


lowing operation can be 
the time y1 il le convert 


Table Il. Typical Operating Dota for Oxygen-Steam and 
Oxygen-Carbon- Dioxide Blowing 


two successive heats on same converter . . 
Plant description 


Oxygen Plant: This plant cor two Linde 
each producing 630 cu m per hr of 98.5 pet 


0. -Steam 


m 


carbor 


Steam Superheater: Thi “ater, which can also be 
ised for the enriched ai! pplied with steam at 


Composition and Presumed Composition of Gases Blown into the Bath 


oO. + CO, Precess 


Consumption, Normal Cu M Composition After Disseciation Normal! Cu M per Metric Ton of Pig Iron 
per Metric Ton Pig Iron Oo N 4 Total 


Total 


O. + Steam Process 


After Dissociation, Normal Cu M per Metric Ton of Pig Iron 


Com pesition 
HO A Total 


Consumption, Normal Cu M 
N co co H 


per Metric Ton Pig Iron 


Table II!. Consumption of Gases for Diverse Converter Processes, Normal Cu M per Metric Ton Pig 


O.Thee Afterblows Totals (Blows + Afterblows o Ratio 
Total 0. Total/ 


retical 
0. Thee 
Processes co HO Gas Air HO Gas retical 


» explanation in text 


Duri 
two met 
acteristics. Eee dioxide, in red and violet, a single photoelectric 
the lame Eee while no ing the total light rays, gives satisfacto1 
colored sn 
if the results obtained from the 
: de f a series of heats, the operator can 
found more satisfactory 1 er and complete the blow with only 
tilting the vessel from the brilliance of the Bame, one correction afterblowing for slag basicity and/or 
—_—_————— bath temperature, or two afterblows, interrupted 
| Po with deslagging, if low phosphorus steel Is required 
0.-CO 
Pig Iron Charged, metric t I 17.2 O.. Two HN storage tank ne of which maj 
~ et rs 4 
Lime Charged, kg pe t 14 be used f MMMM), «dioxide, assure adequate sup- 
29 se 
F Temy 61 612 
Steel, Nitrogen Content, pct 02 
Pig Iron A a pressure of 8 to 10 Kg per sq cm and a temperature 
, t i of 180° to 240°C. It consists of a burner ipplied 
Ss t 0.24 24 with coke-oven gas and oxygen, and a reheating 
s t 0 ° one chamber where steam and oxygen are admitted 
Toble |. 
t phase 16.2 4l 
oO 12.€ 12.4 1 
on f l 
2nd phase co co N \ 
Oo 28.1 27.7 2 2 
co 28.4 11.4 22. i 
S€ 9.1 22 ¢ 7 2 0.2 67.8 
— 
44.01 9.2 48 
% Ist phase gas 62 
04 1.1 
Oo 2.7¢ 
! 1 0.1 
H.O 
; 2nd phase 1.2 0.3 0.7 0.2 1.7 0.7 
Oo 1.87 > 
Oo 27.40 27.( 2 . 02 
H.O 28.4 99 +9 i 
60.1 8.1 0.5 0.7 0.2 216 9.2 2 70.5 
Unburned coke-ove gas 
Oxvee theoret ecessary tor the bust i coKe-« 
Stear stilized for the « ng of the burner the heater 
Oo. H.O—two afterblows with hot : 
enriched air 51.3 27 0.1 ' 42 1e 74.1 09 26 7.7 80.2 1.56 
co tw fterblow with er 
riched 51.1 t 7.3 + 115 452 284 80.8 1.58 
CO one afterblow O» pilus 
ne with enriched air 7) 8 192 3.7 6.4 98 49.0 32.2 82.5 1.64 
o.'CoO two afterblows O. CO 55.5 5 14.0 14.7 90.8 17.6 48.2 96.0 1.73 


Their superheating is accomplished by mixi 
the gases from the burner 


Super heated gases are 


this process 

Carbon Dioxide Plant: Fume from the bi: 
nace stoves the source of carbon dioxide: 
tains 22 pct 3 pet O., and 75 pct N.. This gas 
compressed to about 6 atm, and cooled to 


a counter-current absorp 


iviene Carbon dioxide 


m of ci 1 al 


= 
JV. 


as 
Teaeur ef C ea 7. 


Fig. 1—Variation in the nitrogen content of thomas steel during 
decarburization in a bottom-blown converter with air and air en 
riched with oxygen to 30 pct 


N, en 10 A 


Mee 


frequence cumulee en 7. 
Fig. 2—Nitrogen content of steel blown with oxygen-carbon-dioxide 


in one and in two phases. Cumulative frequency in percent is shown 
on the abcissa 


with 


generally used only with 
oxygen-steam blowing, and with both phases of 


bon dioxide per metric ton of pig iron varies from 


27 to 34 normal cu m, this plant supplies a blast for 
200 metric tons of pig iron per day 


Operating results 
Both the oxygen-steam and the oxygen-carbon- 
been examined in 
ge consumption of gases by con- 
ituents is shown in Table I 


} 


The average analysis of 


dioxide blowing processes have 
1, and the averas 


desulfurized pig iron 
charged into the converte! r the two blowing 
techniques ollows 

O.-Steam 
3.38 pet 
0.46 
0.20 
1.92 


theoretical oxygen necessary to oxidize com- 
nganese, and phos- 

m per metric ton of pig 
ned pig irons, respec- 
ssidual oxygen mean 
relative to the 


ual consumption 


Nitrogen in steel: Table I shows that the 
of the oxygen-carbon-dioxide process may 
rab I ] 


e in view of the presence ol 
if nitrogen and the f 

CO., H.O 

ing as practiced in the fi! 

Thus < 


content 


reached in 
-dioxide process is high 
oxygen-steam are used 
iower nitrogen content ol 
ygen-carbon-dioxide process, 
analysis, resuit in the lowest 
finished steel 
content of 
IS very Sil 


Operating characteristic f a typica 


ach process is shown in Table IT 
Hydrogen effect: When 


important 


using oxygen-steam, It Is 
of dissolved hy- 

the production 
solubility 

between the liquid and the solid metal 


Conversion Q a 0, 


| Rin Dedui 


temas - 


ig. 3—Variation of the brilliance of the flame in the course of 
Sonversion with oxygen-carbon-dioxide. Increasing time is shown 
toward the left, with an afterblow shown at the extreme left 
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Ree 
| 
| 
n- 
~ 
‘ ‘ + | 
before ent tion towe! 
to form al! cnioroethylene, 
91 pet CO., and 6 pct O, and N,. The liquid is with- Re 
drawn, treated at 1.2 atm to eliminate the nitrogen, a 
and then passed into a final tower where the trichlo- ce |, 
roethylene is separated in a vacuum of 0.18 atm Seay 
The purity of the carbon dioxide thus obtained is The | 
about 99.6 pct, the remaining gas being almost pletel miggt 
wholly oxvgen. The vield of carbon dioxide in the phoru ae 
process is 81 pct. The installation is supplied with ron 4 aaa 
1600 normal cu m of blast furnace stove fume per tively ey 
hour, and yields 300 normal cu =i Oxide. that tl ees 
which is stored in the 1000-cu-m storage tank 
mentioned previously. Since the consumption of car- irst ee 
pt be 
4 
Teneur en azote en 
tit ich gases as Sy 
CO from super- 
e of oxygen- 
| + the mini- 
80 Ca ne mini 
the Ox 
that att 
rou 
aw 
second 
4 this sh 
nitroge! 
the diff 
| | 
‘ 
35 
™1. 
drogen. Thi 
Of Killed ste 
of hydrogen 
3 
bAase 
2 pases Relevage 
| 
ge 
+ 
Be 
| i 
| 
Ly | 
| 
| 
20 
é , 


rable quantitl 


revent the fo 


necessal 


This 


und 
yarogen 
nitrogen 


de pe nd 


ity 
iOW Nn 


Renitrification: 


le thers, 


0.0005 1e! 
be 0.0010 


ne convert 


0.0002 pm 


Consumption of gases: Tab! 


m of 


Teneur ern azole en 10 % 
to 


36 


#0 S060 80 
(rege ence Cvmulee 


% a 
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1235 & 


Fig. 4—Nitrogen content of thomas steel obtained by blowing with 


oxygen-carbon-dioxide 


1), oxygen-steam (2 
two gases 


3), and the same 
4 Abcissa shows cumulative 


oxygen-carbon-dioxide 
after intense dephosphorization 
measured at the end of the cast 


frequency in percent 


Table IV. Scrap Consumption by Two Converter Blowing Techniques 


Scrap, 0&8 

Pet Fe 

Kg per 

Metric 

P Ton Pig 


Lime 
Kg per Final 
Metric Temp 


Pet 
Ton Pig ( 


Pig Iron Analysis 
Cc Mn si 


142 
134 


2.08 


2.06 


0.33 
0.29 


0.48 
0.47 
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re has only relative significance, as in the 
e theoretical oxygen previously calculated, 
it is compared last column of 


conclusion that 


in the 
is leads to the with the 
oxygen-enriched 
oxygen and 
the na- 


with 


the 


f afterblows 
total 


between 
is not influenced by 
Thus, the yield 


iship 


al oxygen 
used in the blow 


rit tas 


types 


injected is practically the 


ot rocesses 


Scrap Consumption: Detailed calculations based 
the com the gases injected would lead 
in the 


position of 
he conclusion that less scrap is consumed in tl 
vgen-carbon- process, because of the more 
carbon dioxide dissociation 
t the opposite 


us occurs 


gen-carbon- 


dissociation of the steam, 
irst phase of only the 


studies of the two phases of the 
rocesses, it appears that scrap con- 
her when oxygen and carbon dioxide 


IV. The red is 


additional scrap requi! 
91.6 kg per 
rap consumption 
xide process must be taken 
turn fy 


metric 
oxvgen- 
account 


omparing the processes 


viewpoint 
siderations: A compa) 


capital costs with those 


Economic con ison 


yperating and 
of only with 
le question of a final determination of the 
two processes, it can only 


the 
and 


oxygen-steam 


relatively parallel 


scrap consumption by 


Oxy gen- 


appedli 


yen-carbon-dioxide process, 


oxyg 

re expensive, 
least the equal of the oxygen-steam 
the 


a one-phase 


proves in 
to be at process 
two-phase technique and even su- 
operation. The process 
recommended for the production of 
of the low humidity of the injected 
total absence of evolution in the 


when using 


IS par- 
killed 
in view 

and the gas 

mold 


Higher 


scrap consumption capabilities tend to 
difficulties encountered in 


con- 


iron 


imize the the 
rsion of physically and chemically cold pig 
Heating of pipes is eliminated and regulation of the 
xture is simpler and more reliable with oxy- 
en-carbon-dioxide blowing. Moreover, the injection 
gases at ambient temperatures, which are prac- 
istant, facilitates thermal control 


aiiy CUl 


The presence of red fume at end of dephosphoriza- 
tion does not seem greatly to impair iron yield 

With regard to nitrogen content of the steel, the 
two processes are almost equivalent, both in average 
content and in the spread of values. They guarantee 
maximum nitrogen values of 0.0040 pct. 

These processes hold a well-deserved place among 
the recently developed techniques for increasing 
the utilization of steels made in the basic or thomas 


converters. 


results in the evolution of consideq es ot this figu 
hydrogen upon solidification. To pHi forma- case of t 
‘ tion of ft vhole it has been f Vy to and to wv 
: flush the bath with a gas free of | a re- Table III. 7 
2 its in a certain reintroduction of nto the same numbe 
tes the seriousness of which upon the air, the rel 
nitrogen content I the gas usea the theoret 
in the case of oxvgen-carbon-dioxide iniection. ture of t 
lem, the use of other gases in the afterblow de pend the different i yyy 
nly on economic consideratior Th process is 
; therefore, recommended ft producing killed steel 
With gen content 
She importance of renitrification 
in the course of the afterblow should be emphasized 
Certain esearch workers, el hed I m- = 
sider it negligible—about In 
using standard air. estimat Furthermore, the first phase of the oxy =a 
pet with 30 sec of blast 1loxide s more exothermic than the first phase 
Experience indicates that the afterblow of ai: {f the oxygen-steam process, even with heat- 
enriched te } pct results in renitrification of 0.0005 ing the gases in the latter to 300° to 350°C. This is 
pet from 30 sec of afterblow a result of the endothermic 
The renitrification between thumummmmmmter and the which is contained in the 
casting pit is on the order of Et. The addi- xygen-steam process 
4 tion of solid ferromanganese, containing 0.022 pct From prelin 
c N.,. is partially responsible for this two converte! 
sumption is } 
reviews the con- is} 
SuMmpti(at ga per ton of pig iron with separation are used, 7 
of the blow itself from the afterblow. The table also rn 
shows the total oxvgen. which is the sum of the This inere 
oxygen of the air, that produced in the plant, and Carpon=-c 
that from the dissociation of 70 pct of the steam and wren « — 
80 pct of the carbon dioxide Because of certain nomic 
11 
losses, this total is actually somewha in excess of f Rel 
Heigian 
that amount actually penetrating the bath. Thus, 
Mer Meee 
be said that cost 
carbon-dioxide 
| TTT + - +— + ++ 
i 4 
Conclusions 
{ | | 
Fai The etofore 
| 
1 
| | 
at 
A | 
0:/CO 3.49 52.7 | 1628 
Stean 15.5 1625 


LD PRODUCES 
ALLOY STEELS 
IN AUSTRIA 


Techniques for applying the LD converter to high-carbon steel production 


were derived during rail steel manufacture at the Donawitz plant of Os- 


terreicniscl Alpine Montangesellschaft. 


They are described here along 


with examples of various grades of high-carbon alloy steel produced by the 


process 


by O. Cuscoleca and K. Rosner 


OLLOWING World War II, the rise in the de- 
ae for steel led to a rapid increase in world 
crude steel production. Development work proceeded 
at full speed toward finding processes which would 
be best adapted to the available raw materials. One 
result of this was the LD process, which has en- 
joved rapid and widespread acceptance. 

The rapid development and expansion of this new 
process is the result not only of its high efficiency 
but also of its applicability to a wide range of pig 
iron compositions for conversion to widely varying 
grades of steel. The total annual LD capacity now 
in use is at least 10 million tons 

Composition ranges of pig irons which have been 


O. CUSCOLECA and K. ROSNER are technical director and steel 
mill manager, respectively, for the Osterreichisch-Alpine Montan- 
gesellschaft, Leoben, Austria. This paper was presented in June 
at the the Journées Internationales de Sidérurgie in Liége, Belgium 


used in modern LD practice indicate the varied 


charges which may be used: 


Cc 3.60 to 4.60 pct 
Si 0.05 to 2.50 pct 
Mn 0.30 to 3.50 pct 
P 0.08 to 0.50 pct 


In addition, H. A. Trenkler has reported satisfactory 
results using pig iron with phosphorous as high as 


2.0 pet 


Steels produced at Donawitz 


A number of LD shops have keyed their produc- 
tion program to the production of low-carbon steels 
for rolling into plate and sheet. However, at Dona- 
witz a highly diversified rolling program—including 
rails and heavy structurals, bars, rods, sheet, and 
plate—necessitates the production of considerable 
tonnages of quality steel, in addition to the usual 
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a 


almost from start-up 
rob- 


the 


racea W 1tn p 


up to 


yn to expand the 
commerci scale at Donawitz 
longer the sole producet 


since two 


the LD process, it would t 


laracteristics which a1 


based 


rocess 1S 


supplies 
represents a process su 
Of} en-hearth 


is alw ays 


High-carbon steels 
The 


production of 


mmerci 


Donawitz beginning with the production 


teel. Since considerable quantit thi 
al were produced, the given 
an excellent opportunity to experiment wi var:ous 
techniques for obtaining the desired results 
evaluate them in practice 

In the production of high-carbon steels by the LD 


process two basic approaches may be used: a heat 
may be refined to a low carbon level and recarbur- 


ized, or the heat may be caught at the desired level 
by terminating the blow at that point 

As is well known, recarburizing can 
either by the additions of 


be effected 


high-carbon hot metal 
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before tapping or by 


in the 


adding carburizing compounds 
tapping. When using hot metal, the 
is practically restricted to mixer hot metal 
h very method requires a 
al which is at the same time low in phosphor- 
and sulfur and with a carbon-to-manganese 
io compatible with the desired composition. It 
le possible to lower the 


ladle at 
economical, this 


ous 


manganese in 
zing hot metal by a pre-blow operation, 
by suitable 


and to 

measures both the phosphorous 
ntents to the desired levels, and 
rge the field of application for this 


Nevertheless, there is a limit to its use, both 


it low 
nethod 

economic considerations 
used with re- 
length of time, but was finally dis- 


in favor o 


technical as well as 

was actually good 
some 
catc the carbon at the desired 


The latter technique yields better 
} 


Pes 
sirea anaivses 


reproduci- 


1 @ © 


w 


S99 9 & 


\ 
Poheisenanalyse 


\ 


Fig. 1—30 ton LD blow at the Alpine plant in Austria 
shows minutes of blowing time iS pig 
and “stahlanalyse 


Abcissa 
Roheisenanalyse iron an 


alysis is steel analysis 


c 


LO-Stahl 42 CrMo é 


Rockweliharte 


Abstand von der Stirnflache 


Fig. 2—Hardenability band for 42 Cr Mo 4 steel made by the LD 
process. Ordinate shows Rockwell C hardness, while abcissa shows 
distance from end of piece 


commercial grades. Thus. | 
of tne LD s! O} the I lant | 
em of producing high-quality steels ch 
highest carbon content Alt 
Favorable results obtained in pilot-plant opera- he 
tions weigt ed he avi 
LD proces to the rat 
Today, thi is I qu 
high-carbon quality steels, sam other Euro- bur 
pean steel firms have adopted LD to similar grades re 
lo appreciate the full range of possibilities af- 
forded by 777777: well to un- 
derstand these (EEE: important to 
, its success 
1) The LD p of 
pig iron—it ni- 
] 
level 
nace in that the metal bath EE covered ee 
hilitw 
with an oxidizing slag. By the nature of the : 
oe process t is possible to reduce the levels of 
phosphorous, silicon, nitrogen, and oxygen to 
values that are even lower than those usually % Sr 
achieved in open-hearth practice Re 
4 
2) Pig iron constitutes the bulk of the charge % 
10+ so} 3 
therefore it is easy to control closely the pres- 
ence of undesirable trace elements, such as cop- / a eS 
pe chromium, and nickel. If the blast furnace 32 i {a ; — 
burden contains ores free from such elements. 30} 3 oS a. eee Cad 
the charge to the LD car consist of practically 28 
ri e hot metal If or rrentl. ror 2k 
pul al concurrentiv, co ng crat 2c ~ . 
of uncontrolled composition is replaced by the : 
rec f wndescirahle tra lo. | 22 Fe 5 
ame res, the conte! unae rable ace el v \ Mn AlzQy Oy 
ments in the metal charge can be held to ver. _ SS aa 
applications f which conventior pen-heart} \ C Mn = % 
; and electric-furnace steels are excluded = Be os 430 256 0.08 Q065 0038 
) The eactior occurring n the LD converte S 010 066 016 O02 
woth +} +} ro 4 ne 
are é ern ] ce | GC Ud 
tainir with regard to addition of heat. Usine 006} —=S 06 \ 
‘ 00 < J 
vel nal grade pig n and hot metal 
apping temps ire he et add- 26 6 8 % % 22 
ng ‘ lete mined an int 4 ne ap a > Minuten Blosdover 
1 The ces tself capable 1ucing 
any ALLOY tee I la é the neat permits 
the melting of alloy additions. By using exother- 
mic ferroalloys and pre-heating or pre-melting 
them, even greate! iaqditions May be iccom- 
é 
By taking advantage of these basi principle the 
-Band 
: LD proce may be adapted not only to making the SAE £140 
fu range tee! normally melted in the 
65 
hearth, but also many electric furnace alloy 60 
So 
high-carbon steels, ranging 45} — 
from to heat-treating steels, was 
initiated at 
2s 1.06 % Cr 
0.25 % Mo 
’ 1s = 
10 
05 WOKE HEWES 


The approach of refining the heat to low carbon by means of pressure-insensitive precision flow 
values. followed by recarburizing the ladle with con- meters. However, about 8 pct of the heats w ill come 
blocking techniques has not been followed off too high in carbon and the remainder will come 


ven 


at Donaw1 since it does not provide the desired within the desired analy sis eltner as refined or with 
reproducibility of carbon contents. In addition, there slight carburizing 

remains some uncertainty about the unfavorable Thus. it becomes advisable to take a flash anal- 
effect of blocking residues. Where high-quality yses for carbon and manganese. By using rapid 
steels are concerned, some scruples seem justified in analysis, reproducibility will vary from 90 to 99 pet, 
the use of large quantities of blocking material iepending on the analysis limits fol carbon and 
However, experience has shown that detrimental manganese. For example, in a group ol rail steel 


are used ton ce nin rbon ad} 


Fig. 1 Table II. Rail Steel 


Catching the carbon 


There are obvious reasons why the catch-carbon 


used at Donawitz: shorter! 


i 0.90 pct Mn. This is close to usual 
Ist Refining 


sampling 


Deslagging 


different countries. N lifficultvy is encountered i 
tiy +} ASTM requirement for 
et ne A. re ulrements, Which Cadi 10 
aximum of 0.82 pct C and maximum of 1.0 pct Mn 7 40.54 pet. MgO 2 pet, Sid 


Sampling 


Deslagging 


Tapping 


provides a good working basis for the Catcn-carbon Table Ill. Time Cycles for the Production of Different 
Types of LD Steel 


Table |. Rail Steel 


Charge 


Refining 


Intermediate deslagging 


Charge Refining 
. Recarburization with pig- 
iron 


Tapping: S 
D 


Refining 


Ss 12 pet CaO, 1.18 pet MgO, 10.90 pet 
I ‘ i ¥ 44 


Sampling 


Destagging \ir dditior by ed 


> 
- 
| 
2 
ef] ere sm 
Mn si Ss N 
technique has always been Max 
time of blow, lower oxygen consumption, aha acy 0.20 
} ] rftior 
juced iron slagging with a lower proportion of oxy- ane 
el n the bath A I t was aquring the proaucuiol > ‘ 04 
g n t! Again, 1 4 2 
of rail steels a his fundamentally aifierent af SE aN 
proach Wa riea ana tf ea Charge 
+} wn reactions in Scrap: 1 keg 
Ir he course of the Well-Known reacCwion in he ke 
LD process, the Donawitz p! iron with about <.0 I e: 7 pet BS 
pet Mr converted t 0.6 pct, carbon steel wit ; 6 pet a 
7 
rail steel specif ;  ¢ 98 \ 42 pet S Re 
Ppanest accomplhisnea lt nece ary DV an- Q 9 
additions in the converte A heat sheet for @ mit q ; 
gal addition n 
such an analysis is shown in Table I = 
his technique is well suited to the production o! \dd 
In to make ine cat¢ carvdo! er 
1 2) CaO 52.14 pet, MgO 2 Si 
genera applicable, it was necessary tO WOTK OUL a 6.24 pet, Fe 4 eres ae 
method t ietermine the jesired end point Une 
} tir 
blow with sufficient accuracy. At this time, there . “ys 
nda } ] \ - 
exists no measuring device to indicate to the steel- 
maker the progre f refining reactions in the con- Ee ; bee 
verte Howeve experimentation in this direction 4a 
y ) ts nwhil th 
curre! v going at Donawiti Meanwhile ne 
time of t wing is taken as a guide. In practice, with 2 mit + 
wen hot-metal comrt tion. the time of blowing 
Pig 
Additions 
10 
Obtained 0.55 0.98 0.21 0.016 If O04 
8 8 
12 pet Converter add t 9 4 
PI 
a Ire $.22 pet C, 2.47 pet Mn, 0.18 pet Si ae 
1 Low-carbon rimming steel 
a Q yas 49 pet C, 0.95 pet Mr 2. Low bon killed ste« ax 
th nig-iro 
6. High-carb teel, catch-carbon with intermediate gging fror 
Tap C-correction, Fe-Si and Al additions high-P or high-Mn pig-iror ee 
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close limits of 0.50 to 0.55 pet C and to patent 


ted wire. The same method is also emploved 
Mn, reproducibility averaged 93.6 in the producti of tool steels, and when blowing 
analyses is approxi- higher phosphorous pig irons (Table IT) 


some form of spec- 


be reduced con. An evaluation 

n the strength experience gain 

‘ I io bout 100, tons of ral 

Low Mn from high Mn 


There was yet another 


afit 


o complete. It will be further illu 


a heat intended for conversio 


Table IV. Cose Hardening Chrome Steel 15 Cr 3 


Mn 


are intended t the mean pro- 


Kefining 


Fig. 3—Hardness test pieces of 80 Cr V 2 tool steel. Hardening 


temperatures from left to right (top and bottom row) in °C are as 


follows: 760, 780, 820, 840, 860, and 900 


sampling 


Deslagging 


Table VI. Cr Alloy Heat Treating Steel 4) Cr 4 


Settling 


Tapping 


Table V. Case Hardening Cr Mn Steel, 16 Mn Cr 5 


Mn 


Ist Refining 
9n 


Sampling 
Deslagging 


Refining Iror 2.24 pet Mn, 0.18 pct Si 
20 mir t. MgO 3.77 pct, SiO tnd Refining 2: 49.01 pet CaO, 4.47 pect MgO, 10.70 
et, Mn 12.44 pet 9 mit 3 11.98 pet Fe, 11.62 pet Mn 


Sampling Lic nalysis: 0.08 pet C, 0.39 pet Mr Sampling analysis: 0.37 pet C, 0.58 pct Mn 
Deslagging Deslagging 
7 mit l 7 mit 1640°C 


Alloys . ind Fe-Cr additions Settling Fe-Mn and Fe-Cr additions 
5 mir > min 


Tapping Additions of Fe-Si and Al Tapping Additions of Fe-Si and Al 


2 mir 2 min 
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heat vit? rather 
U.90 1.10 pet 
pct. ihe time lo 
i during the 
steel, as well 
-Cal DOT SLOCIS, 
Mee problem to be solved if the a definite evaluation of the methods discussed with 
catcn-carbor echnique was to prove universally respect to economy and practicability can be given 
cceptable T) was the production of a low man- here It should be pointed out that all high-carbon 
nese steel from a high manganese hot metal. The heats have been made at the Donawitz LD shop us- 
AtLOr simple, as closer inspection of the course ing the catch-carbon technique for a considerable 
ea s will reveal, Fig. 1. At the point where time. Even with the time losses involved, flash anal- 
there L t manganese n the bath, part of the slag vses are justified by all these factors steel quality, 
tapped as to prevent dissolution of manganese reproducibility of analyses, favorable yield, and 
by the bath later in the | A This peratior takes absence of the need for equipment to treat recar- 
ibou burizing hot metal 
trated by the wm A comparison table of heat times is included, 
SE (Table III) to illustrate the production rates which 
ES may be obtained in the LD process when makin 
various grade of steel. The heat times given her 
i orrespond to th e en ntered ir ctual practice 
= si P s Cr N A 
é au 
‘ \ ‘ 
Charge I 100 kg 
S 400 ke : ‘ 
S10 > net 
21 — 
: 
I pet C, 2.28 pct M 12 pet S 
; 20 mir Slag 70 pet CaO, 2.92 pct MgO 7 pet 
SiOy, 14.50 pet Fe, 14.48 pet Mr eee 
Quick 8 pet C. 0.45 pet M 
1675°C 
Fe-Cr idition 
Mn si s Cr N 
Additions: Fe-Si and Al Specificat 2 Max Max 0.80 
Obtained 40 0.79 25 0.018 0.016 0.82 0 004 
‘ |_| si s Cr N 
Charge Pig-it 6,100 kg 
Scrap: (none 
Specificat 0.14 1.00 2 Max Max 0.80 R e: 300 kg 
0 0.35 1.10 1.0 pet 
Fluorspar: 0.2 pet 
Obt ed ] 1 0 86 0 005 
- 0.01 0.014 x ‘ P yn: 4.12 pet C, 2.82 pet Mn, 0.19 pet Si 
| Ist ag: 36.46 pct CaO 25 pet MgO, 17.30 
7 89 nct Fe. 2060 pct Mr 
Charge Pig 2.600 ke SiO», 7.62 20.60 1 
6 Ss p: 2.500 kg 
R e: 300 ke 
Quick analysis: 2.38 pct C, 0.63 pet Mn 
SiO;: 1.2 pet Additions: Lime: 2 pct 
SiO,: 0.3 pet 


savings 


might 


ip charge with ore 


roscopic analysis, and by reverting to 


ole furr h as those introduced by 


maces suc 


High-carbon alloy steels 


Starting from established practice for plain 


bon stet the Donawitz LD shop proceede 
adopt t! process to low-allov steels. In view of 
purity of LD ca or teels and the good repro 
bilitv of specified carbon and manganese 


by introduc- 
tap- 


Dofasco 


Table Vil. CrMo Alloy Heat Treating Stee! 42 Cr Mo 4 


‘ Mn si Pr Ss Cr Mo 


Charge 200 kg 
4 < 
= 
Refining 4 26 + 1.88 pet M 10 pct S 
7 CaO oct MeO 47 
+t F \ 15.82 
Sampling k 29 pct ¢ MI 
Deslagging 
7 
Tapping Additions: Fe-S aA 


Table VIII. Band-saw Steel 80 Cr V 2 


c Ma Si r s Cr ‘ 
s 77 4 2 Max Max x 2 
60 
) 2 7 a 5 0.24 
Charge Kg 


ist Refining I 4.01 pet C, 1.78 pet Mn, 0.25 pet S 
4 ist slag: CaO 29.15 pct, MgO 
18.82 pct, Fe 8.62 pct, Mn 22.80 pct 


1.10 pet 
pet 


Sampling Quick analys 
Deslagging Additions: Lin 


6m Ss 


tnd Refining 2nd slag: CaO 64.74 pct, MgO 1.20 pct 
7 mir 13.46 pct, Fe 6.78 pct, Mn 8.60 pct 


Sampling Quick analysis: 0.69 pct C, 0.56 pct Mn 
Deslagging 
7 mit 1610°C 
Settling Fe-Cr addition 
5 min 
Tapping Additions of Fe-Si, Fe-V, and Al 


2 min 


SiO 


Si0 


no difficulties were anticipated. The results of future 
operations confirmed this prediction. Among the 
produced to and 
low-alloy tool steels, bearing 


steels date, are case-hardening 


heat-treating grades, 


steels, and electrical alloys 
Hot metal is drawn from the mixer with desul- 
furization practices only when necessary. The tem- 


converter charge is adjusted with 


lime charge consists 


of the conventional lumpy material. In cases where 
apia ag formatior s desired, fluorspar is added, 


but fluorspar fluxing may be omitted if limestone 


pulverized limestone is 


blown in. A normal heat size is about 36 tons 


Operating practice follows high-carbon steel pro- 
duction, with exceptions as noted. The necessity of 
melt-in alloy add maintaining high 


riably bottom poured 


pass immediately after stripping to the 


Case-hardening chromium steel 15 Cr3— 
Table IV 


The single-slag tec 


*hnique is used when low car- 
called for 
taken after 20 min of blow, 


and 0.45 


bon and medium manganese contents are 
A preliminary sample, 
showed carbon and manganese of 0.08 pct 
pet, respectively Adding onl 6.5 pet, 
held the rature at 1675°C for 


means that it is _ not 


\ about 


} 
> no ror 
cooing scrat 


tapping. This feasible to 
idd preheated ferrochrome. A settling time of five 
min for alloying additions had been found satisfac- 
tory. Heats of this type take 40 min to make. This 

longer than the heat time for rim- 


results show that standard spec- 


sily met. With regard to harden- 
: 
rmation, and inclusions, this steel 


to that produced in the open-hearth 


Case-hardening Cr-Mn Steel 16MnCr5— 
Table V 

Analysis specifications clearly call for single-slag 
Heat time remains 40 min. End-temper- 
1700°C, and additions of ferromanganese 
rochrome can be made cold in the furnace 
min, | vield of man- 


and the 
corresponded to open-hearth 


Was 


was five 


ik, 


ganese and chromium 


practice. Test results were well within the require- 
ments established for open-hearth or electric-fur- 
nace steels 


Heat treating chrome steel 41Cr4—tTable VI 


Because of the different contents in 


manganese 


the hot metal charge and the desired analysis, some 
of the slag was tapped after blowing for 9 min 


Thus, excessive pick-up from the slag 
at the end of the was avoided. Just before 
slag-off, flash analysis showed 2.38 pct C and 0.37 pct 
Mn. Blowing resumed 6 min later: 9 min after this 
an analysis indicated carbon to be 0.37 pet and man- 
ganese, 0.57 pet. Although the temperature was low 
(1600°C), ferrochrome was added cold. Final heat 
time was 42 min. The time loss for slag-off is partly 
compensated for by a shorter charging cycle (scrap 
additions omitted) and by a shorter time of blow 
(catching the heat at a high carbon level). When 
working low-manganese pig irons, the intermediate 
slag-off can be avoided and the heat time reduced 
to 36 min. The quality of this steel is on a par with 
the same grade produced in the open-hearth or 
electric furnace. 


manganese 


blow 
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ductivity of the LD process under different operat- er 
ag 
ing conditions. Time well be effected 
by replacing the s« 
ing spect a 
re) 
the 
aa 
aes. 
fir 
Spe t Max Max 0.9 1S into molds grouped four to a plat he 4-ton ingots seen 
2 2 
120 02 soaking pits 
$10 
Bt 
fications al 
a 
ability, carbide 
or electric furnace 
N 
0.004 
4 
R scale: 300 kg EC 
I e: 4 pet ars 
: 
2.29 pet C, 0.30 pet Mr tea 
~ 
Fluorspar: 0.3 pct at 
— 
a 


42CrMo4 steel—Table VII 
T ion indicates single-slagging as the 
hod here. After 17 min of the 
ined 0.29 pct C and 0.60 pct Mn 
was 1640°C. At this point, 
rochrome were added cold 


vere allowed for settling, then ferrosili- 


Table IX. Cr-alloy Ball-bearing Steel 


Mn 


Charge 
4 mit 


Ist Refining 


Sampling 
Deslagging 


Alloving 
ind Refining 


sampling 
Deslagging 


Settling 


Tapping 


ist Refining 


Sampling rit ana 250 rm * 0.46 pet Mr 
Deslagging ms n 
10 


tnd Refining 


Sampling 
6 


Deslagging 


Tapping 
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con and aluminum were added while the heat was 

pped. Heat time was 37 min. Because of the higher 

rt the time of blow is shorter and overall 

exceeds that for rimming soft steel by 

only 5 min. The hardenability band for this steel, 

Fig. 2, is well within specified values, as ‘re im- 
pact and hardness values 


Cr-V tool steel 80CrV2—Table VIII 
On account of the relatively low manganese con- 
this steel, a partial slag-off was 
nm min of blowing, even with a low (for 
Donawitz) level of 1.78 pct = in the hot metal 
At slag-off, the bath tested 2.2s C and 0.30 pct 
Mn. After ry litions, 

Lrit blow Was con tl 
tempers 
tood at 0.69 pct 
allowed 

ped with 
and alum 


interval 


Mn, 0.009 pct, and 0.014 S. The slag conta 

24 pet Fe ota, which is comparatively low 

usual ladle addit and aluminum 
made. Thi ‘ f ‘ellent purity. Test 
: > mm (0.02 in h howed watt 

losses (VIO) averaging less than 2.0 w per kg (0.9 

w per 16) 

Test runs on steels with over 3 pct Si, such as are 
usually made only in the electric furnace, have 
shown that the LD process holds some promise even 


in this field 


Conclusions 

From the examples given here, it should be clear 
that the grades of steel which can be made in the 
LD converter range from extremely soft grades to 
steels containing as much as 1 pct C. This wide 
range is bounded by magnetic soft iron at one end 
and by low-alloy tool steels at the other. The pro- 
duction of non-alloyed soft magnetic iron in the LD 
converter would require special measures with re- 
gard to oxidation, deoxidation, and teeming, if pres- 
ent exacting requirements for magnetic materials 
are to be met 


KLS |_| si P Cr N 
Specificat 9 25 Max Max 14 
t t t 0.020 0.026 to 
‘ 2 25 01 1.57 0.06 
Ss 4 
Lime: 4 pet 
Sit 6 net 
Flu net 
heat time was 41 min. Hardness Hmmm test pieces 
} clearly indicate the beneficial effect of vanadium on 
7 MgO 2.00 pct. SiO hardenability, Fig. 3 
ag P4 t. Fe 9.52 pct. M 2 4 t 
Chrome bearing steel 100Cr6—Table IX 
| Qu rrr The first slag was run-off completely after 8 min 
‘ Addit Lime: 4 pct blow time. Following addition of another set of 
Sic 
1 Fluorss pet lag-forming materials and 440 lb of ferrosilicor 
(75 pet) to make up for heat losses, the blow was 
g 75 pet Fe-S continued for another 8 min. At this point, the flash 
P| analysis showed 0.85 pct C and 0.57 pct Mn. The 
‘ 2 CaO 49 pet, MgO 5.08 pct, SiO bath temperature was 1605°C Ferrochrome was 
‘ pet. Fe 7.56 pct. M 752 vct +1 
; she added in the converter and 5 min settling time was 
allowed. The freedom from inclusions was deter- 
- 7 pet mined by means of Diergartens scalt and showed a 
‘ vVaiue ol 55, which is quite satisfactory Hardening 
characteristics were good 
Dynamo sheet steel—Table X 
Working with the high-manganese Donawitz hot 
2 metal, the first slag was run off after 8 min of blow- 
SURE ing in order t arrive at the low specifi i man- 
Table X. Dynamo Sheet Stee! ganese content in the finished steel. Flash analysis 
before run-off showed 2.50 pct C and 0.46 pct Mr 
‘ Mn si P s N Blowing was continued for another 15 min to give 
; y the steel of tl final analvsis: 0.03 pct C. 0.15 pet 
t 0.025 020 
2 4 
22 0090 0.015 0.002 
Charge Pig 1.100 ke 
S 4.400 Ke 
P 00 ke 
Sif) 
Sr 
; Fe Iron: 4.23 pet C, 2.14 pct Mn, 0.18 pet S a 
8 mir 
Flu pet 
Slag jlvsis: 37.5 pet CaO, 2.7 pct MgO 
15 mir 7.5 pct SiO», 23.8 pct Fe, 6.6 pet Mr 
— Additions: Fe-Si and A 
2 mir 


The best method of teaching process metallurgy 


by W. O. Philbrook 


The field of process metallurgy 
Since usage varies, it will be helpful to start by 


metaliurgs broadly 


metallurgists and as an integral part of the extrac- 
tion process At the other end, there is some overlap 
r nterests with other branches of metallurgy. The 
solidification of metals and the control of ingot 


ithin the legitimate domain of the 
process metallurgist; yet many who proclaim them- 
selves to be physical metallurgists take a keen in- 
terest in the freezing process because of its signifi- 
cance in relation to the structure and properties of 
metals. Similarly, some metallurgists like to classify 
.e foundry arts as metal processing in conjunction 
with welding, forging, rolling, and other methods 
of fabrication. There is no need to draw dividing 
lines too sharply, because this discussion relates 


rimarily to the central aspects of process metal- 


lure. 
& 


An approach to metallurgical education 


Considering that some 80 chemical elements are 
metallic, or sufficiently so to be of interest to metal- 


lurgists, and that more and more of these are as- 
uming commercial importance each year, it is evi- 
dent that the encyclopaedic method of teaching the 
process metallurgy of each element individually is 
hopelessly inefficient. A student trained in this 


W. O. PHILBROOK is a professor of metallurgical engineering at 
Carnegie Institute of Technology, Pittsburgh, Po. 


EDUCATION IN PROCESS METALLURGY 


process concept should be used to the extent th 


li el net ng I 
t ce a wide v ety < 

eve broadening a 
comm ercial and 

the extraction or ! 
\ DacKZ ind I science ana engines 
principles appears to be the most effective basis 
( training students to cope with the problems 
that wv face them in the future 


is an analytical approach, 


vased on a sound foundation of science and engineering principles. The unit 


it has been developed. 


] 


fashion only ten years ago would find himself today 


under some handicap in dealing with recent Innova- 


tions in a supposedly stable industry such as steel- 
making, and he would be ill prep 

with the extractive metallurgy 

pure reconium or vanadium. It 

tudents be trained, not in yesterday’s arts, but in 


the principles and analytical techniques that will 


enable them to modify and improve existing meth 


ids, develop new processes, and analyze proposed 


cient promise of mmercial success t 


cost of development. How should 


education be approached in order to develop these 


of extractive me 
= 


sucn as 


the inadequacy of this approach. Hydrometallurgy 


may culminate in chemical reduction or electrode- 


position. Electrometallurgy may be practiced using 


aqueous electrolytes or fused salts of several Kinds 

And the methods of pyrometaliurgy are les n, em- 

bracing various homogeneous and heterogeneous 


reactions of selective oxidation, selective reduction 


a mucron of mercury to seve ral atmospheres 


Clearly, a still more fundamental approach is 


needed 


Unit process or operations approach 

The method that has been adopted by many of 
the leading schools of the U.S. and Canada is pat- 
terned after the solution developed by the chemical 


engineers some three decades ago to meet a s! 
problem. It is commonly called the unit process 01 
unit operations approach. The technique is to deter- 
mine, by suitable analysis, a body a underlying 
engineering principles and a set of unit operations 
and processes that occur commonly in most of the 
important engineering processes. The salient fea- 
tures of each of these unit actions are then analyzed 
intensively so that their characteristics and con- 
trolling features may be clearly unders:ood. Real 
processes may then be created by adding the appro- 
priate unit steps in sequence, like building blocks, 
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whether or not they have sufh- 


lalogenation, at pressures ranging from than 


| : 
t 
- 
HE practice of process metallurgy in industry 
| 
metallurgical 
Gefining the held Of process — 
speaking, this covers the extraction of metais from abliitie a 
suitable ores or concentrates. refining and allovin One might subdivide the field t Be 
then nd delivering them in ippropriate form as aliurgy into severdai Classiicatl 
primarv metals for further fabrication r process- metallurgy, electrometaliurgy, and pyrometaillurey, “Pe 
v4 i ly j l b sciatiol with the thought in mind of teaching the principles eee 
wher Ss pI ticed bv those who are primarily or ¢ ates Du i 
— 


for the particular process 


special limitations set by fac- 
specific process need be 
The latte: 

sive conditions, 


given 
might include such 
operating tempera- 
levels that would limit materials 
rate-determining factors, 
approach is obvious. It con- 
ttention the student on 

re common to a variety of pre- 
ure processes, develops his powers 
leaves the acquiring of specific de- 
art to be 


in the specific industry 


acct ymplished 


commonly made between 
is that the forme! 

may alter the 

but not the na- 

lit processes in- 


phase hanges 


processes 


that may some- 


processes approach 

irgy, the details of 
lasis will v 
rtunately, 

advanced 


igineering in the 


tO 

defini- 

ise analysis of our unit processes, and 
‘ f } 


ippropriate this style of teaching 


ded. This paper is intended partly as a 
tus and partly as an 

done in this regard 

lity to be instilled into 

approaching a problem 

as these: “What are the 

process that determine the 
equipment, the rate of throughput, 
the process, and quality of the 
controlled by fluid flow, heat 
sport, chemical kinetics, or equi- 

x by purely mechanical or 
the economics of 

» demand for the prod- 
alternative methods of 
Generally, the 


understood before the economic 


in comparison 
accomplishing the same result?” 
technology must be 
question becomes meaningful 


Grounding in fundamentals of science 


The primary tools for such analytical thinking 
are, of course, a good grounding in mathematics, 
and chemistry. These sciences are equally 
sential to physical metallurgy and to other scien- 
tific and engineering fields. Almost universally they 
form the technical core of the first two years of 
study at engineering schools 
It is most important that the training in chem- 
istry for all metallurgists be carried through physi- 
cal chemistry. This should be strongly directed to- 
ward thermodynamics, but not to the exclusion of 
electrochemistry, surface chemistry and kinetics. A 
sound philosophy, applied at Carnegie Institute of 
Technology and elsewhere, is that the fundamentals 
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of physical chemistry should be taught in the chem- 
istry department by professional chemists who will 


broad field. This basic train- 


ing should then be supplemented by specific appli- 

i physical metal- 
in the metallu 
by men who are abreast of the curt 


be up to date with the 


ot process OI! 


case may be. 


tiin 
fortunate arrange! 


ordinated so that 


istry rtmen n aim which 


achieved with some success at Carnegie 


And basic engineering principles 


Parallel with the fundamental 


a body of information and techniques which may 


sciences there 


engineering principle 


shared with other engineerin 


called basic 


ical and mechanical engineerin 
l 


are dimensional ana 
inder both steady and 
mass transport, appl 

ometry to industrial materi 


of thermochemistry, 


Cali 


ances and heat transfer, t t balances 

combustion and efficient utilization of fuel 
thermodynami and phase 
f importance in process 

could | taught 


in severai 


he curriculum 
found most practical to handle all of 
in a jurse ie Metallurgica 


department 


The nature of materials and processes 
These are the basic tools of science and enginee! 

ng that are available for analysis of 

In addition, the student must 

something about the nature of the materials 

will deal with. He must know some 


fractories, not only because they are 


processes 


he commonest 
materials of construction, but also because of 
inevitable interactions to some degree with 
mattes, or metals. He must know about the stru 
of molten metals, slags, mattes, and fused 

far as we are able to teach him at the present 
Frequently, the best way to impart this 

is in conjunction with the behaviors of these ma- 
terials in sepcific processes 

Another useful method of systematizing the anal- 
ysis of a process is in terms of the types of reac- 
tions taking place. Process metallurgy commonly 
deals with gas-solid, gas-liquid, liquid-liquid, and 
solid-liquid reactions. There is much in common in 
the principles of gas flow and in gas-solid reactions 
in shaft furnaces of various types, and much that 
can be said in common of liquid-liquid reactions in 
matte-smelting, slag-metal refining, and so on. The 
student’s analytical ability will be sharpened if he 
is trained to see the points of similarity among 
processes and the reasons for specific differences 
peculiar to a given set of operating conditions. 

A basic consideration always is whether or not a 
given process or separation is thermodynamically 
feasible. It is profitable to begin the study of real 
processes with an examination of the free energy 


| to build up the flow sheet [i 
Thereafter, onl 
peculial 
ndividual atts 
vis ai (vil 
( nstructior 
et i ne trengt re wh speciaities. it Is a particularly 
centrat tne til nent if the curriculum can be co- 
ry nt llire ] 
indamentals t} Eee at least some of the metallurgical 
ent as well as f applications follow closely behind and almost con- 
f analysis, and currently with the teaching of fundamentals by the 
tails of the cont cher has been 
more quickly and effectively in i] is 
vhere he elects to practice 
The distinction that is ee 
is 
t re TT ] one 
} n or tiny ‘ 
ture of the ubstances, W ‘ 
fields, notably chem- 
volved either chemical reactions or 
bot] Miost of the concentrating procedures of i }  trancfar 
now, nea transite! 
e dre ng may be subdivided into unit operations i 
while extraction of metals from their ores is largely of chemical stoict 
concerned with unit processes, but neither of these ] ; 
ne type. For the present purpose, unit [eee nd to the 
will be employed as a generic term Ey and ap- 
times include unit operations jiagrams 
I e application of the ur etallurgy 
to the teaching of process met th a basi 
+} nme th re f 
i i < ii uit i + 
© Gegree Of approach for students related fields, but 
what from school to schoo I 
ch hool others are best handled by direct application to a 
auurgical pr specialized field of engineering. In the arrangement 
ry 
a t ae . it ha been 
tit anda pre these 
ext DOOKs | Engineering 
immary of 
pinion on v 
The most 
students 
limiting feat 
e 
optimum Ze 
the efficiency 
product? Ar 
transfer, ma 
librium cons 
structural lir 
this process 


diagram for oxides to establish first a concept of the 
stability of the pure oxides, and then to 
which activities come into 


and control of slag refining and 


relative 


develop later the ways in 


play in the behavior 


other metallurgical processes. Similarly, the free 
energy diagram for sulfides provides a start for 
oasting and matte-smelting processes, and the 
free-energy diagram for chlorides is the basis fo 
chlorine metallurgy 

The next step beyond thermodynamic limitations 
s the role played by kinetics and transfer processes 


Is a given process inherently limited by the rate at 


which heat can be supplied to or removed from the 


eaction zone, by convective transport within a solid 
lump, or by resistance to gas flow in a granular bed 
( by slugging or carry-over in a fluidized bed” 
Some processes can be fairly adequately engineered 
from thermodynamics, stoichiometry, and heat 
transfer alone, while others are exceedingly com- 
plex. Unfortunately, many of the processes of ex- 
tractive etallurgy have not yet been reduced to a 
systemat init process basis, sO we can not yet do 

effective a job as we should like in teaching 
then 


Limitations of four-year curriculum 


In addition to the limitations forced by the pres- 


ent tate of understanding of our more complex 
processes, tnere s inevitably a problem of time 
limitation in a four-year curriculum. For this rea- 

I t is necessary t iesign courses so that selected 

istrations of various limiting considerations are 
emphasized to give a fairly well-rounded survey 

ther than a completely comprehensive treatment 
for the metallurgy of each element. These are built 
nto a framework of the process metallurgy of the 
more important commercial metals, but with con- 
siderable emphasis on points of similarity and 
difference and on the analysis of new processes or 


adaptions of current interest 
There are a few places in which the current state 
is weak and where emphasis 


ot Knowledge ot the art 


needs to be placed in future research as well as 
eaching. Fo very good reasons, the first research 
efforts in systems of interest to process metallurgy 
were heavily irected toward thermodynamics and 


nination activities of species. While this 
work is far from finished, we are rather well sup- 


plied with enough information to present good ex- 
mples of these techniques to students and to fit 
them for further use of the literature as it 
develops. On the other hand, our working knowl- 
kinetics and processes in process 


much We probably 


making 


transfer 


advanced. 


edge of 


metallurgy is less 


have not made as much use as we should of the 
methods of handling mass transfer processes that 


are employed by chemical engineers, and we need 
a great deal of additional research on the kinetics 
of th gas-liquid, and liquid-liquid proc- 
esses of reduction, smelting, and refining that 
peculiar to process metallurgy. 


e gas-solid, 


are 


Complexities of processes 
When one attempts to make some use of chemical 
1g data, he is struck by the great com- 

plexity that we impose upon ourselves in some 
processes. For example, metallurgical engineers will 
either have to work out the problems of gas flow 
and mass transport in heterogeneously stratified 
and segregated beds for themselves, or else modify 
the charging and operation of shaft furnaces to ap- 


engineer! 


proach more closely the uniform beds for which 
some data are available from chemical engineering 
As long as metallurgists are constrained 
0 operate at high tempe and with 
inevitably participate to some 

will be faced with the 

necessity of dealing with complex rather than sim- 


ple sys 


ratures refrac- 
ory containers that 
degree in the process, 


they 
tems and with somewhat instable geometries 
t is a knowledge and ability to cope with such situ- 
ations—by art if not by science—that distinguishes 
our profession from ordinary chemists or engineers 
several areas in which more 
in order to keep metal- 
lurgical training in industrial practice. It 


appears that fluidized bed techni 


There are emphasis 


will be needed in the 


jues are becoming 


standard in several branches of process metal- 
lurgy, and vacuum melting and other separations 
carried out at reduced pressures are assuming 
greater importance. An area that has been rathe! 
] } ~ lly 
badly neglected by American process metailurgists 


until recently is the use of the principles of dimen- 


sional analysis, pilot plants, and scale-up factors 
These principles are inherently needed in the prac- 
laboratory studies 
they 


application of any other 


and 


tical 


than equilibrium ones; become vital in 


the use of pilot plant equipment to study existing 
processes or develop new ones. We must prepare 
our students to accept responsibility in these fields 


ranches of en- 


some- 


or find our job taken over by othe: 
gineering that are more alert to thes« 


should 


needs 


how, we also contrive to keep our students 


aware of the increasing importance of statistical 

techniques for planning experiments and analyzing 
data and of the use of digital and analogue com- 


puters for data processing ar 


It is fairly obvious that all of these thi 


nal 
1d analysis 


be done well in a four-year curriculum, so there 
will be increasing emphasis on graduate work [fol 
those who have the ability to assume full profes- 


sional stature. 


Importance of economic considerations 


The economic side of process metallurgy deserves 


a few words. Whether or not the details of cost 
analysis are taught, it is essential that students be 
made aware of the fact that, when technology is 


adequate, the final decision on the 
process depends upon economics. Mundane consid- 
erations of cost may tend to be submerged in an 
academic devoted to search fo! 
truth and knowledge, but primary 
concern of the practicing engineer in industry. The 
minimum responsibility is to forewarn the student 
that he will be expected to assume such responsi- 
bility and to develop in him an economic viewpoint 
in a qualitative if not a quantitative way. 

In summary, it is the author’s opinion that the 
best method of teaching metallurgy, as 
practiced by leading American and Canadian 
schools, is with an analytical approach, based on a 
sound foundation of basic sciences, physical chem- 
istry, and engineering principles. The unit process 
concept is used to the extent that it has been de- 
veloped, and the attempt is made to analyze metal- 
lurgical processes critically to discover their signifi- 
cant controlling features and to search for points of 
similarity and difference among related processes 
This is considered the most effective way to train 
students to analyze and develop new processes for 
the future of a vital and expanding metallurgical 
industry. 
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profe nal ba plication fo1 | 
r for th na of the veal I IT) 
r. } n etv activities, Mur goal 10! ne en 
? mt rel I tea D\ rie Ww ap- 
ry Tr n + he bers. excluding stuaents, 4 re} en 
veve nect a nore nere mu 
t tr Octobe IsiV, 
meomt nlications eceived arting ctot 
nwt? mn the numbe ‘ embe! plicatl I 
‘ § + hy we W l not receive tnis epil I 
Ve ne vs ely ere Yew ec Cal 
t i ! jepend for the ! campaign, so the real WOrK OF MMiechil's ne qu 
t i pment of i falls to the individual membe! f the Society. On 
efectivens on the cor nuing leve é f in- fail n 
f 25 sect ns having any con- 
1 TI siae ible number ot Metallurgica society t del 
tr smounts to a quota ¢ new mem Dt eacn 
te see ety ‘ equires his amoun ‘ 
2 ‘ ik i 4 a | It 
y +) last n ntns ol nis veal 
ft ther ac? ocal section Naving Meta Ab 
tr 1 mproved evTrect, en, eacn a 
1 ‘ nem bel -ed to obtain seven new mem-~ 
na extent of meeting ind publicat I the Metal- Society memobders Is 
can ers 2 month for the rest of this year. It is easy to 
} that 1 1 ht silv double or tripie ich a goal, 
n the meta he iw hecome increasingti' set na we mignt 
Wit t bstant nc! mem- ifeveryvy member were make 
rn thre h the enc f tni vea Application 
nit mi ve ea propo! concer! nrougn I 
b lable heaaqau ters stands redaQ@) » nely 
tot I mer u rapia expana- Will De aValiaD: n } 
tne i I ne i} pana 
met tric you at your requée , ney an! 
mhere personally to Onlv you can ¢ 
More practical considerations aisv indicate the new members personals : 
} rehir Tr +} hy 
need ! a4 drastic U east n membt hip in ine nat, DY 
én? 
Met S t Budget lin mposed 
| fa on-mem- 
} n t difficult for l Encouraging the use oI nective n 
mem nip evel are nak Lil li LO! 
t lo ls tion ngs aS Well a> 
he i rte tg perform tne ervice which mem- ber badges at local section f 
Mor t hi ional. and Society 
bel expect and t which thev are entitied Viore- echnical, regional, a l 
f tallut 2 Welcomu non-members to meetings ana if) 
\ rm t cove ige oO ming 
T vitlr then to The Metallurgical Socit 
t tle te, which the JOURNAL OF METALS Is Geul~ iting them 
ted, w become possible or with increased cir- of AIME; and 
I I I Ca- 
new members in ¢ mplietIng appt 
I I atte na il t ncreda « n aave A 
culation aha « nda! their questions about the 
! i dent o tions and answering thelr questols ex 
Thus, a ind publications program is dependent on ions a an 
reatlv increased membership society 
Re I no this. and working with R. W. Shear- 
\ gl ana W King 
. } } Th ot eopie Who 
mal Meta ] cal Society Secretary, the Member- The experience I i 
echin show's that our best p 
] ] t ,embership snows oul 
hip Comn f The Vetallurgical Society me me 
| what they do ne 
last June o aiscu ana ap} ve n large mea 
| rsel o non- 
a complet ntegrated and continuing memb¢ hip a 
program, to becorn effective a oon a po sible Pe 
The newly appointed Assistal Secretary of The 
+} ‘ 
Metallurgical Society, Douglas Johnston, was as- 
ned to implement and coordinate In detail the 
To date he | made tired at joining; new 7! 
broad facets of the progran To date ie Nas maae 
? 
col progres with regara o laying the 
foundatior of the program, but considerable time 
‘¥ tir 
A | elapse fore it can becom ful « ve 
The need for an organ zed men 
} hlighted by the gap petween 
ains this year al d the goal ol! 
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THORNTON 
TREASURER—c. DODSON 
SECRETARY—ECRNEST KENDALL 
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YOUR INVESTMENT IN THE ADVANCEMENT UN Conference on the 


OF AMERICA’S ENGINEERING LEADERSHIP Held 


—THE UNITED ENGINEERING CENTER In a successful effort to pool their 
know led n nuclear re- 
it a membershiy a leg n f some 5000 

180,000 and is still growing 


The new center is to be THE CEN- 
TER of the engineering profession 


The impressive 20-s 


itists and delegat nvened at 
Second United tions Confer- 
on Peaceful Atomic 
ry Geneva, 

conterence 
seven- 

the 

“gv at 
Headquarte 


composed 


AIME 
BOARD OF 
DIRECTORS 


Recent actions token by the 
‘ Institute Board of Directors 


pera 


} 


n newly established Carolina 


knowledge 
An Investment to Further Engi- u tion has been authorized 
neering Progress—This is not a small hang ts name to Western Carolir 

project. Total cost of the new United er 
Engin is : includin h North é lina Subsection 


+ 
southeast 


®& The revised bylaws o 
California Petroleu 
approved, including 
bolized and m: ti in the Ti n hrough the wih change of name to 
sent Engineering Societies Build- Industrial Gift “ampaig dust: Basin Section 
Scott Turner has been appointed 
by President Kinzel to be AIME’s 
cial Delegate at the World Powe 
Section Meeting, Sept 
in Montreal, Canada 


home for en- two thi f it 

gineers his relationship is now to What Will the Engineers Do for 
strengthened in the Themselves?—To the individual 

new Uni gineering Center member tl Member Gifts Cam 
Constructe than 50 years paign is both a challenge and an op- 
ago, the present headquarters of the portunity ®& The Rocky Mountain Income 
at 29 W. 39th St It is a challenge to you as a mem- Fund Committee has agreed to sup- 

attractive and ample in size ber of a true profession to give gen- ply the Seeley W. Mudd Memorial 


i 


ring those untroubled days when erous support to the most signi n Fund Committee copies of the 
Theodore Roosevelt was President project your profession has under Porphyry Coppers i 956 at cost for 
of the United States and membership taken during your lifetime free distribution to new Junior 
of the societ was but 16,000. To- (Continued on page 684 Members of AIME 
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7 
=.” 
be entirely function 
enauring eviden o! 
7 
x sion. The Center wi a 
- OOO sa ft f Aonor en 
> gi Ot pa 
at present requirements 
eocieties anda proviae 
have their headquarters in the new 
I ¢ 1 pl Continued or page 034 
uilding. In addition the design pro- 
wink for n wit ntinuin 
vides tor expansion W1 
in maintaining leadership for his growth I the protession Drieege 
Cou ry Oo group Play a more Everything about the Center will 
mportant part than engineers—men be designed with a single purpose in ae 
qualified by aining, experience mind—effective, efficient, and eco- ao 
ana abli y to mee ne iemanas of nomical service to member engineers 
an era that will witness technologi- throughout the country and wher- c 
cal and scientific progress surpassing ever thev mav be. It will ak 
Within the past century the pro- economies through joint gag a: 
n } htily n and ad nal 
ression nas increased migntil In ana aqa\ nee ne 
stature. In numbers alone the five oa ee 
Founder Societies have grown eleven- 
fola since 190% Student members a 
and member f the Associated So- n ed iene 
cieties in the project swell the total ic 
nig 
SV! 
pre 
it 
= 
q 
ee: 
. 


Directors Gésta Westerberg, and Wilhelm 
Haglund of Sandvik, stand ready to place a 
wreath on the statue of G. F. Géransson, on 
the occasion of the centenary celebrations, 
July 1958 in Sweden 


Sweden jubilantly celebrated the 
centenary of Goran Fredrik Gorans- 
son's first iccessful commercial - 
adaptatio of the bessemer process 
The mmemoratior milestone 
in Swedis} tee] histor Vas culmil- 


gathering, including 


many noted steel ¢ xperts, at the Sand- 


ted } lora 
nated DV a large 


vikens Jernverk, (Sandvik steel 
works in central Sweden Th 
Sandvik Steel works, was originally, 


founded ith n of exploiting 
the findings resulting from the ex- 
periments at the nearby Edsken blast 
furnace plant. It was here that G. F 
Goransson mastered the bessemer 


process, in July, 1958 


Other highlights of the celebration 
included a special stamp in honor of 
the occasion, issued by the Swedish 
Post Office. The 200 vear old Swe- 


New Engineering Center 


(Continued from page 683 

In contrast to other annual ap- 
peals for funds, the Member Gifts 
Campaign is an opportunity to make 
a once-in-a-lifetime gift. Moreover, 
your gift as a member will serve as 
an ever greater stimulation to the 
Industrial Gifts Campaign 

The overall program calls for utili- 
zation of three sources of funds to 
meet the $10 million goal of the 
building project: Present UET re- 
sources, $2 million: Business and In- 
dustry, $5 million; and $3 million 
from the Member Gifts Campaign 
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dish Ironmasters’ Association coined 
a special gold medal in honor of 


Goransson and Sandviken’s achieve- 


At the time Géransson perfected 
the bessemer process, the British ex- 
ploiters of the patents were still sub- 


jected to much disappointment, and 


had even begun to lose faith in the 
method. However, the epochmaking 
Swedish success fused new life into 
the experiments, and it was not long 
before the bessemer method mad 


rapid progress all over the world 


uccess Was Que Malni\ 


isson ss 


to his courage, tenacity, and enthusi- 


or the untried, as well as the 


availability in Sweden of so many dif- 
ferent types of highgrade ores. Con- 


tinuing his experiments, Goransson 


invested his own and borrowed 
capital. Along with his collaborators 
he found that sulfur ores were 
unsuitable, that a slight manganess 


content was beneficiai for the softer 


l, and that the air blow- 


type s of steel 
ing process gave hotter and quicke1 
steel when the tuyeres had become 


worn 
After systematic experimentation 

with the various methods of furnace 

design, changes in the technique of 


tapping, and so on, the Edsken ex- 
plorers finally arrived at a _ point 
where they had the bessemer method 
under full control. It is known that 
possessed a high degree of 
skill—and had to, being responsibl 
for the quality of the steel 


the smiths 


t 


Several years later, Goransson 
founded Sandviken in order better to 
exploit the bessemer method. It is a 
unique feature in the history of the 
Swedish iron trade that a new steel 
works should have been established 
expressly for the application of a 
novel new method of production 
The output rapidly increased, and 
Sandviken was soon to be known for 
the high-quality steel for which it 


has become famous the world over 


AIME’s proportionate share of the 
membership campaign is $500,000 
(This has been divided among the 
Founder and associate societies in 
proportion to membership.) 

AIME appointed J. L. Gillson, Vice 
President and nominee for 
dent-Elect in 1959 as overall chair- 
man of its share of the fund drive 
Three well known members assist- 
ing Vice President Gillson are Evan 
Just for SME, O. B. J. Fraser for 
TMS, and M. Haider for SPE 

The industrial campaign has al- 
ready received massive support and 
is well on its way toward the final 
goal. AIME has led in this share of 
the fund raising program. Under 


Vice President Gillson, the Member 


to a good start 


n the first phase, some leading mem- 
bers are being canvassed personally 


in coming weeks the entire mem- 


American industry, engineering, and 
education. No finer endorsement can 
be quoted than that of the nations 
most honored enginee 

“We irgent needa t tart ul 
new building. It is of nation n- 
I ance. We need the support of a 
ur members the Honorable Her- 
bert Hor 


Governments of Brazil Canada, 
France, ndia, he USSR the 
UK and the US WItl Secretarv- 
General Dag Hammarskjol 


ng 
In 77 and 
through ex 
hibits, tf ong 
ther things, the possibility of pro- 
ducing power through fusion of light- 


weight atomic nuclei, progress in 
power production through 
heavy nuclei, the use of nuclear 
energy to heat homes, propel ships 
and treat dis- 


fission Ol 


and aircraft, study 
eases, improve agriculture crops, and 
speed up industrial processes and 
basic knowledge 


recent advances 
of the structure of matter 
There were 5 


55 meetings at the 
first UN conference on peaceful 


uses ol nuciear enerey in 1955 
This year’s new 77-meeting program 
was favorably worked out so as to 
comprise a series of general ses- 


sions and five technical sessions, ar- 
wavy that, during 
there were 
five simultaneous every 
i afternoon. No less than 


ranged in such a 
most of the conference, 


meetings 


morning anc 
66 countries wel 
two-week conference 

Visitors viewed the scientific ex- 
hibition, which was part of 
ference, on the grounds of the Palais 
des Nations in Geneva. Here, there 
were displays set up by 20 nations 
including the Joint Institute for 
Nuclear Research at Dubnacma, 
USSR, and CERN (the European 
Center for Nuclear Research) 
Nearly 50 US companies, and the 
US Atomic Energy Commission 
participated with imposing exhibits 

Of the 2418 papers submitted to 
the Conference, some 650 were pre- 
sented orally. This year’s conference 
proceedings will be published in 
three volumes, and publication of 
the proceedings is expected to be 
completed by June 1959 

A review of metallurgical informa- 
tion revealed at the conference will 
be published in the November issue 
of JoURNAL OF METALS 


e represented at the 


| Swedes Celebrate Steel Centenary oe 
j bership will be canvassed 
From the very beginning, the fund 
; ments a rare distinction drive has had the wholehearted sup- 
sort of a veritable Ww) of 
= Continued from page 650 
\ 
] 


To Hold Liquid Phase tabulatior f h Metallurgical S order to reach its goal of 500 


figures shov 1ew members by the end of 1958 


Sintering Symposium he eff f high | g he Me tallurgical Soc iety, through 
lv high gains its members, must obtain more than 
200 new members dur 
at The Fall Meeting ivi Gains Losses Net = —— ae 
209 79 month. This should mé 
ae sired leve 
was not their toll 
+, ii ie 
Abstracts on new members per 
The Metal- = month. This montt 
Pa al Society, September issue of Total 61 347 3] 682, tells why we must change the 
eae slope of the membership curve. Wel- 
lassified figure is a come a non-member to your next 
THURSDAY, OCTOBER 30 result of the automatic change of local section meeting where he may 
O00 to 5:00 r I c : status from student to junior mem- see for himself why THE METAL- 
2 to 5 ym, Lorenzo Carter : ‘ 
. bers, which occurs every year in LURGICAL SOCIETY OF AIME is 
Symposium on Liquid Phase June with the graduation of the the leading organization for the 


+ 


Sintering forme! professional metals 
Sponsored by the Powder Metal- 


irgy Committee 


The new RSCo MODEL 2470 


ZONE MELTING 
APPARATUS 


Cemented 
Hunetik, Jr 
Ford Motor 


and Sin- 


Cemented 


IRSID—2nd International Sinter- 
ing Symposium Proceedings are now 
off the press in two volumes, 644 pp., 

salt for $12.00 at IRSID D Cu- 
tion Dept.. St. Germain-en- 
S&O) France 


The Model 2470 apparatus holds a glass or quartz tube 
inside of which is placed the charge of material to be 

: ene purified. A moving table holds either induction heating 
Membership Activities coils or electric resistance heating rings which surround 
With the AIME membership news- the tube. A synchronous motor and variable speed reducer 
in of almost drive the table at a constant rate variable from 0.36 to 9 


a 
1700 members so far this year, the 
need for membership activities at 
Society meetings is and actuate a rapid return mechanism. Multiple-pass zone 
well illustrated. Only through such melting is thus completely automatic. 
activities will the Society do its part P 
in helping the AIME reach its goal 


letter showing a net gi 


inches per hour. Adjustable stops limit the table travel 


of 3000 new members by the end of FOR FURTHER INFORMATION 
1958 SEND FOR BULLETIN 2470-M 
TELETYPE: OA 259 

In speaking of the need for new 
members, it is easy to give the er- 
roneous impression that membership 
activities should be concerned only 
with persuading new individuals to re) 
join AIME. Actually, it is as essen- RESEARCH SPECIALTIES Cc 
tial, if not more important, to mini- 
mize losses of present members. This 


2005 HOPKINS STREET BERKELEY 7, CALIFORNIA 
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nan 
F.V. Lenel and J. E. Burke 
Chairmer 
The Kinetics of Densification Dur- ees 
ng Sintering WwW D. Kingery, 
Massachusetts Institute of Tech- 
Study of Grain Shape 
Titanium Carbide: M ee 
ana I J Whalen, 
Company 
a=), 
Development of Microstructure Dur- 
ing Liquid Phase Sintering: J. T ~ > 
chusetts Institute of Technology 4 
A Study of the Structure 
Carbides: J. Gurland, Brown Uni- 
| 
A 
= 
2 
an 
by 
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Map, Location, and Identification of AIME Local Sections 


Alphabetical Listings Below Include the Name and Address of the Local Section Secretary or Secretary-Treasurer. 


Subsections and/or Groups Are Given After Section Name. 


Adirondack 


Alaska 


Arizona. Subsections: Ajo, Bisbee -Douglos 


Morenci, Yavapi 
Hovt 


Arkansas 
Billings Petroleum 
Mod 
Box 2548 
Black Hills 
Boston 
California Coastal 
Carisbod Potash 
Rox ‘ 
Central Appeolachian 
Central New Mexico 
Chicago 


Cleveland 


Colorado. Subsections Intermountain 
Peak, MBD 


Colorado Plateau 
Columbia. Subs Snake River 
d'Alene, Spokan 


Connecticut 


Datias 


Delta 


Bow A246 rie 


Pikes 


Coeur 


Jew 
Denver Petroleum, Subsections: Uintah Basin 


Colorado-Nebraskoa 


Detroit 
K 
Mot 


East Texas 


El Paso 


Evangeline 
A 


Florida 
Harve 
F Box 
Fort Worth 
Wortr ex 
Four Corners Petroleum 
Thor A 
Pipeline rp. 4 
Farminaton. N. M 
Great Bend 


tephen F 


Gulf Coast 
Roh f ) 


Hobbs 
Robhert 
Box 547 

Hugoton 
vore 
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Basin Petroleum 
Kansas 


Lehigh Valley 
ersey 
Lou-Ark 
Mid-Continent 
T 
Minnesota. Subsections: Mining, Minerals Ben 
eficiation 


Mississippi 


Montana 
ke Tix A ndo C 4 
Nevada. Subsections: Reno, Southern Nevode 
Eastern Nevada 
> mith, Ro» 4 Ru 
New York. Groups: Physical Metallurgy, Pow 
Jer Metallurgy 


é 


New York Petroleum 


Niagara Frontier 


North Pacific 


North Texas 
Ohio Valley 


Oklahoma City 


Ore gon 


Panhand! 


Pennsylvania-Anthracite 


Permian Basin 


Philadelphia 
Pittsburgh. Subsections: Petroleum; Groups 
Minerals Industry, lastitute of Metals 


Roswell Petroleum 

St. Lowis 

San Francisco 

San Joaquin Valiecy 
A Horn 

Snyder 
E Epley 

South Plains 
R Roren 307 East Hester St.. Brown 

Southeast. Subsections Carolina, Eastern North 

Carolina, Knoxville Area 

Chabot . 2705 hade Cre 

Birmingham 98, Ala 

Southern California. Subsections: Southern 

Sierra 


Southern California Petroleum 


24 nto F rir R Whit 


Southwest Texas Subsections Austin -Son 
Antonio 


x 
Southwestern Alaska 

we 

A k 
Southwestern New Mexico 
Spindietop 


Tri-State 


Upper Mississippi Valley 


Upper Peninsula 


Uron um 

Utah. 

wasnington, D.C 
Ce ntral Texes 


Wyoming 
hwoaite 


Wyoming Mining and Metals 
hn Atk 6 Ante 


Foreign Sections 


Caracas Petroleum 


CIM-AIME Calgary Petroleum Engineering Sec 
tion of the Petroleum and Notural Gos Div 


CIM-AIME Edmonton Petroleum Engineering 
Section of the Petroleum and Natural Gos 
CIM 
Eastern Venezucita Petroleum 
Lima, Peru 
Mexico 
Philippine 
Nie<tor AM 


Western Venezucla Petroleum 


A rt MA 


Local Section Membership 
Chairmen 


udes only Sections to 
De th 
Adirondack 


horle 


Alaska 
Arizona 
Reed 


Refinin 


—Arkansas 


Engineer 
te. Ark 


Reyn ning Cort Bouxite 


ern Brown ept Per Ww ‘Cc for 
— 7 t 
[ 19 vy Huber cr ‘ Mine sulf O Corr Box 37— 
r reity Alosko PO Rox 337 
1 ng 
©. Bex 535. Rev, Aria a 
58 52 ot ‘ 
f 66 19 38 
3 ae 20 44 
4 Iron Mining Div., 4832 Grand 39— 
Mer M Dulutt Mur Huot Wright Tr tor Zir 
f Technology, Can re Producers Assn, | Sox 
Wilbur Lilly, Gulf Oil Corp., Box 1269 Picher, Ok 
78 M 
21 Mullen Box 
rT? vv 
5 
60 
North Second New York 6 N. Y 4) 
k A 72 rk Cleve ‘ wel T ANA Notior 49 
tlectr ‘ Nela Park gar te 428 Petr 
Powder « 4 C Wy 
24 
‘ ter The Texas Co, Box 600, 
26 
192 
troleum Corp., Box 1654, Ok 
Tex Aibert Knox, Guif f x 
82 
65— Penns, mia Ave 
Gulf Oil Corp., P.O. Box 
rp.. Pont Mick 31- 51 
— 
Raortor Hur ‘ & Refinir 
3 Box 207 Tyler. Tex 47 
vy nger Texo Western 32 
j Tex 46 
583 ‘ 81 
vette 
45 R R Amon Exe ra 
ron Work 33 tion C OC ven 
54 
59 
Pacific Northwest which SME 
>» West Broodwoy 
73 50- ‘ 
Perforating Guns Atlas Barton Mines 
« 259, Great Ben Kon 53 North Creek, N. Y 
1 
ting ¢ 2 Esperson Bidg 35 
2, Texo 
6! Welch American Smelting 
— c 810 Valley National Bidg 
Hobbs N M n Ariz 
62 
y Bradshow chiumberger We A C. McFarlin, Ore Contre 
ng Corp., Box 512 beral, Kon Burbank, Calif 


60 


Black Hills 


Boston 


Carlsbad Potash 


E 5, Box 67, C N.M 
Central Appalachian 

R. Spindler. Director Mine 

We nia niversity. Morgantowr 
Central New Mexico 

R toehr 208 mith + Sront 
Chicago 

rgist tee rt ith Work 

426 E. 
Cleveland 

* Frank A Zork Cleve We 

ect k 

Colorado 

f Mone Resear 
Colorado Plateau 
sm Hasler SON. 

Columbia 

= MA MA 

Western Machiner pokan 


Connecticut 


64 


25 


26 


28 


79 


Delta 

HA Ref n 

F we 
Detroit 

R A Wilde € M — 

El Paso 

Robe NA A 
Florida 

RA 


Gulf Coast 


Kansos 


Mid-Continent 

€ 

Minnesota 
Mississippr 

Montona 

Koe? 


Nevada 


New York 


neering & Minuir 


Niagara Frontier 


Emery 8 Windermer R 


North Pacific 


tir f 
Ohio Valley 
Ww Kir Koiser Aluminum & Cr 
Nework 
Oregon 
E Moin St.. Portland 
Pennsylvania-Anthracite 
tr N. Bromiey 
ton 4 Poa 
Philade!phia 
Robert B. Brackin. Engines 3 
Pont de Ner & 
fon 
Pittsburgh 
* R Crowe tee Core c 
ton Works. Clairton. F 
St. Louis 
\ Ww Buys 1915 stor 


1 Alaske 29 
2 Arizona 30 
3 Black Hills 31 
4 Boston 32 
5 Carlsbad Potash 33 
6 Central Appalachian 34 
7 Chicago 35 
8 Cleveland 36 
9 Colorado 37 
10 Columbia 38 
11 Connecticut 39 
12 Delta 40 
13 Detroit 4] 
14 East Texas 42 
15 El Paso 43 
16 Gulf Coast 44 
17 Kansas 45 
18 Lehigh Valley 46 
19 Mid-Continent 47 
20 Minnesota 48 
21 Montana 49 
22 Nevada 50 
23. New York 5] 
24 North Texas 52 
25 North Pacific 5? 
26 Ohio Valley 54 
27 Oklahoma City 55 
28 Oregon 56 


Numerical Local Section Code to Map 


Penn. -Anthracite 
Permian Basin 
Philadelphia 
Pittsburgh 
St. Louis 
San Francisco 
Southeast 
Southern California 
Southwest Texas 
Southwestern New Mexico 
Tri-State 
Upper Peninsula 
Utah 
Washington, D. C 
Wyoming 
Spindletop 
Florida 
Philippine 
Mexico 
Southwestern Alaska 
West Central Texas 
Adirondack 
Peru 
Ark 

uth Plains 
Fort Worth 
Dallas 
Mississippi 


57 Colorado Plateau 

58 Arkansas 

59 San Joaquin 

60 Central New Mexico 

61 Hobbs 

62 Hugoton 

63 Panhandle 

64 Niagara Frontier 

65 Denver Petroleum 

66 Billings Petroleum 

67 New York Petroleum 

68 Illinois Petroleum Basin 
69 So. California Petroleum 
70 Eastern Venezuela Petroleum 
71 Evangeline 

72 West Venezuela 

73 Great Bend 

74 Upper Mississippi 

75 Uronium 

76 Caracas 

77 Four Corners 

78 California Coastal 

79 CIM-AIME Calgary 

80 Snyder 

81 Roswell 

82 CIM-AIME Edmonton 

83 Wyoming Mining & Metals 


San Francisco 


San Joaquin Valicy 


Southeast 


Southern California 


\ 
Southwest Texas 
rr MoM 

Southwestern Alaska 

Southwestern New Mexico 
Rot t W no 
x 966 


Tri-Stote 


Upper Mississipp: Valley 
hn M. Haque 


Pleorr e W 


40—Upper 


Peninsula 


75—Uranium 


OCTOBER 


41—Utoh 
K tal per x 
42— Washington, D. C 
e "A rt ke A ke 
43—Wyoming Mining and Metals 
R + For 206 ijwov. P 
xa 494 Rive 
‘ 70— Eastern Venezucla Petroleum 
Hautemen. AZ Export 
4 4 Puert 
tt Copper 47—Mexico 
NM 
14, Mex Mex 
A« tant 46— Philippine 
meitin * Nestor N rv 26 Montrea 
klo City, F 
a 
tree Ave Refers Secret of Sectio where 
\le bers Cr i is not isted 
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Rex Tario, Homestake Mining Co., Lead ae “* 79 
. 
23 
oe 
> 
7 
57 
4 2 
hn Lynct Reseorch A tont 
Americon Bra Waterbury An 
Margoret Kerle tant seseorcr 
ict Refining Co Box 
st 
alt 
45 
Datr Rr A tant on 
neer. Halliburton We ementina 
Cc 2 Espe n Bidg., ton. Tex 
W R Eroney trict Engineer & 
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He was to the of his death a 
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Hopkins in 1900, in copper! 
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altimore, Md., Chrome, 
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developed by Pardners Mines Corp 


and later exploited and operated by 
the Freeport Sulfur Co. Colonel 
Liddell! was a director of the Nicaro 
Nickel Co. and was in charge of the 
Moa Bay project. Nicaro Nickel con- 
tributed largely during World Wai 
Il, and the Moa project is now being 
prepared for large productions of 
nickel 

Colonel Liddell was the author of 
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Bain. 1922. of International Control 
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for a number of vears. From 1947 
he was president of the Mining Club 
ff New York. He was a honorar 
member of the Chemical, Metallu 
gical, and Mining Society of Afri 
and a member of AIME 

Colonel Liddell 
pleasing personality, will be 
bv his many friends. He is sur 


blessed 


Name 


Old Address 


New Address 


Personals 


Former Company 
Former Title 
New Company 


New 


Change of Address and Personals Form 


The Metallurgical Society of AIME, 29 


Any recent activity that would be of interest to members 


new title and com- 


personals items 


Length of Time There 


Date of Change 


PROPOSAL FOR AIME 
MEMBERSHIP 


I consider the following per- 
son to be qualified for member- 
ship and request that a mem- 
bership kit be mailed to him 


Name of Prospective Member 


Address 


Name of AIME Member 


Address 


688—JOURNAL OF METALS, OCTOBER 1958 


; A new free price list ===: 
Energ Com! 
earch report Tol 
; f Technical Serv 
Commerce now EE rom Unusual Contribution to the Art of 
: OTS on request Non-Fer Metallurgy and Re- 
| than 4000 A-g@mmmgis in the OTS 
colle 
| 
Washington 25, I 
is 
vear, Lt Liddell, a re PF 
member since 1916, passed away 
Colonel Liddell’s health had been 
for more than a 
4 vear, but his fortitude remained. On 
January 29 1958, he received the 
h Gold Medal of the Mining and Metal- 
{ Society’s annual dinne 
To be s et t i rece € ir publications and rrespondence promptly, please fill ir 
the form below and send it to EE W. 39th St 
New York 18, N.Y 
. MEE: Please list below ir former pany and title and your 
pany or new work) for use in Journal METALS Copy deadline fC 
is six weeks before late f issue 


his widow, Edith (Stabler) 
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LECTROMELT 


200-ton heats are now being produced in 


this 24-foor Lectromelt Furnace. A second 


of similar capacity will soon be installed 


here in this Southe rn steel mill. 


Catalog No. 10 describes Lectromelt fur- 
nace equipment for melting and refining. 
For a copy, write Lectromelt Furnace 
Division, McGraw - Edison ompany, 326 


32nd Street, Pittsburgh 30, Pennsylvania. 


*Reg. Trademark U.S. Pot. Of 


Lectromelt 


CANADA: Canefco Limited Toronto ARGENTINA: Master Argentina, Buenos Aires ITALY: Forni 
Stein, Genova ENGLAND: Electric Furnace Co., Ltd Weybridge GERMANY Demag-Elektrometal- 
lurgie, GmbH Dursburg SPAIN: General Electrica Espanola Bilbao FRANCE: Stein et Roubaix, 
Paris BELGIUM: S.A Stein & Roubaix, Bressoux Liege JAPAN: Daido Stee! Company, Ltd Nagoya 
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MORGAN MORAN 


WORCESTER 


Every Morgan Mill is developed by highly skilled technical engineers 
to answer the exacting demands of mass production. Morgan introduced the 
first successful continuous rolling mill in this country—and has consistently 
maintained leadership in pro- 
ducing quality, high production 


MORGAN CONSTRUCTION CO. 


mills in this country and abroad. WORCESTER, MASSACHUSETTS 
ROLLING MILLS MORGOIL BEARINGS GAS PRODUCERS 
WIRE MILLS EJECTORS REGENERATIVE FURNACE CONTROL 
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